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(g) Vascular endothelial cell growth factor C siibunit 

(g) Vascular endothelial cell growth factor C sub- 
unit DNA is prepared by polymerase chain reac- 
tion techniques. The DNA encodes a protein 
- that may exist as either a hetei-odimer or 
homodimer. The protein is a mammalian vascu- 
lar endothelial ceil mitogen .and as such is 
useful for the promotion of vascular develop- 
ment, and repair. This unique growth factor Is 
also useful in the promotion of tissue repair. 
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BRIEF DESCRIPTION OF Th^ J^ WlNfi ••Xli-'' 

Figure 1. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 
AA subunit A plus polypeptide cleavage products used to determine the amino acid sequence. 
5 Figure 2. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 

AB subunit A plus polypeptide cleavage products used to determine the amino acid sequence. 

Figure 3. Full length amino acid residue protein translation product and its cDNA coding sequence for VEGF 
AB subunit B plus polypeptide cleavage products used to detemiine the amino acid sequence. 

Figure 4. Full cDNA coding sequence and full length amino acid residue protein translation product for 
10 VEGF A 148 amino acid residue subunit SEQ ID NOS:23 & 33. 

Figure 5. Full cDNA coding sequence and full length amino acid residue protein translation product for 
VEGF A 190 amino acid residue subunit SEQ ID NOS:30 & 31. 

Figure 6. Full cDNA coding sequence and full length amino acid residue protein translation product for 
. VEGF A 214 amino acid residue subunit SEQ ID NOS:34 & 35. 
IS Figure 7. Full cONA coding sequence and full length amino acid residue protein translation product for 

VEGF B 138 amino add residue subunit SEQ ID NOS:36 & 37. 

Figure 8. Full cDNA coding sequence and full length arhino acid residue protein translation product for 
VEGF B 158 amino acid residue subunit SEQ ID NpS:3a & 39. 

Figure 9. Full cDNA coding sequence and full length amino acid residue protein translation product for 
20 VEGF C 154 amino acid residue subunit SEQ ID NOS:40 & 41. 

BACKGROUND OF THE INVENTION 

A new class of call-derived dimeric mitogens with apparenUy restricted specificity for vascular endothelial 
25 cells has recently been identified and generally designated vascular endothelial growth factors (VEGFs).'The 
mitogen has been purified from: conditioned growth media of rat glioma cells. [Conn et al., Proc. NatJ. Acad. 
Sci. USA 87: 1323-1327 (1990)]; conditioned growth media of bovine pituitary folficulo stellate cells [Ferrara 
. and Henzel. Biochem. Biophys. Res. Comm...161: 851-358 (1989) and Gospodarowicz et al., Proc. Natl. Acad. 
• Sci. USA 86: 731 1-7315 (1989)]. An endothelial cell growth factor isolated fomi mouse neuroblastoma cell line 
30 •NB41 with an unreduced molecular mass of 43-51 kDa and a reduced mass of 23-29 kDa has been described 
by Levy et al.. Growth Factors 2: 9-19 (1989). Connolly etal. (J. Biol. Chem. 264: 2001 7-20024 [1989]; J. Clin'. 
Invest. 84: 1470-1478 [1 989]) describe a human vascular permeability factor that stimulates vascular endothe- 
lial cells to divide in vitro and promotes the growth of new blood vessels when administered into healing rabbit 
bone grafts or rat corneas. An endothelial cell growth factor has been purified from the conditioned medium of 
35 the AtT-20 pituitary cell line by Plouet etal.. EMBO Jownal 8: 3801-3806 (1989). The growth factor was charac- 
terized as a heterodimer composed of suburiits with molecular mass of 23 kOa. Leung et al. (Science 246- 1306- 
1309 [1989]). Keck et al. (Science 246: 1309-1312 [1989]) and Conn et al. (Proc. Nad. Acad. ScTuSA 87- 
2628-2632 (1990]) have described cDNAs which.encode VEGF A which is homologous to the A and 8 chal^Ts 
of platelet-denved growth factor. Vascular endothelial growth factor I (VEGF 1. VEGF AA) is a homodimer with 
an apparent molecular mass of 46 kDa. with each subunit having an apparent molecular mass of 23 kDa VEGF 
I has distinct structural similarities to platelet-derived growth factor (PDGF). a mitogen for connective tissue 
cells but not vascular endothelial ceils from large vessels. 

OBJECTS OF THE INVENTION 

,„h.ll'rnN?f/'^'"^'y' I" °' P'^^^"' invention to provide novel vascular endothelial growth factor C 

ressino VP^P r °h ^^A. Another object is to provide recombinant genes capable of exp- 

[or vpr p A = ^ T '""""'"^^ °' ot^iect is to provide vectors containing the DNA sequences 

hi HNiA °' " ? ^J^^"""'^- A f"'^'^^^ to pravide a host cell transfomied with a vector containing 

ceL fof ^k^ vV«P r " ^ ^ °' ^ '° P--'^^ - recombinant pr^ 

wh^rh /„T ^ u *° ^ ^3=*="'^^ endothelial cell growth factor 

which contams the C subunit. This may include heteradimers AC and BC and homodimer CC. 

SUMMARY OF THE INVENTION 

Ques''Th';"nLr*'°'^!"^' ^""""^ ^ P'^P^^^'* polymerase chain reaction techni- 

rr.n T P'^'^'" ""^y ^^''^^ " ^ heterodimer or homodimer. The protein is a mam- 

malian vascular endothelial cell mitogen and as such is useful for the promotion of vascular development and 
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repair. This unique growth facu. ;!^^P useful in the promotion of tissue repair5«^ 
DETAILED DESCRIPTION 

5 The present invention relates to a unique vascular endothelial cell growth factor (designated VEGF). iso- 

lated and purified from glioma cell conditioned medium, which exhibits mitogenic stimulation of vascular en- 
dothelial cells. Glioma Is defined herein as any neoplasm derived from one of the various types of cells that 
form the interstitial tissue of the central nen/ous system including brain, spinal cord, posterior pituitary gland 
and retina. Consequently, the scope of the present invention Is Intended to include the unique growth factor 
10 isolated and purified from any mammalian tissue. or other ceils including ceil lines. Cell lines include, but are 
not limited to. glioma-derived cell lines such as C6, hs 683 and GS-9L; glioblastomas such as A-1 72 and T98G; 
neuroblastomas such as IMR-32 and SK-N-MC; neurogliomas such as H4; tetromas such as XB-2; 
astrocytomas such as U-87 MG and U-373 MG; embryonal carcinomas and non-transformed glial or astrocyte 
ceil lines, and the human medulloblastoma line TE 671, with GS-9L and TE 671 being preferred*. VEGF AB is 
15 present and can be isolated from rat tissue including ovary, heart and kidney. Anterior pituitary tumor cell lines 
such as GH3 and Hs 199 may also be used. It Is intended that VEGF of this invention can be obtained from 
- any mammal species capable of producing VEGF, this includes, but is not limited to, rat and human. 

Vascular endothelial cell growth factor may exist in various microheterogeneous forms which are isolated 
from one or more of the various cells or tissues described above. Microheterogeneous fomns as used herein 
20 refer-to a single gene product, that is a peptide produced from a single gene unit of DNA. which is structurally 
modified at the mRNA level or following translation. Peptide and protein are used interchangeably herein. The 
microheterogeneous forms will all have similar mitogenic activities. Biological activity and biologically active 
are used interchangeably and are herein defined as the ability of VEGF to stimulate DNA synthesis in target 
cells including vascular endothelial cells as described below which results In cell proliferation. The modifications 
25 may take place either in vivo , or during the isolation and purification process. In vivo modification results from, 
but is not limited to. proteolysis, glycosylation, phosphorylation, deamidation or acetylation at the N-terminus. 
Proteolysis may Include exoproteolysis wherein one or more terminal amino acids are sequentially, enzymati- 
. cally cleaved to produce microheterogeneous forms which have fewer amino acids than the original gene pro- 
• duct. Proteolysis may also include endoproteolytic modification that results from the action of endoproteases 
JO -which cleave the peptide at specific locations within the amino acid sequence. Similar modifications can occur 
during the purification process which also results in production of microheterogeneous forms. The most com- 
mon modification occurring during purification is proteolysis which is generally held to a minimum by the use 
of^protease inhibitors. Under most conditions one or more microheterogeneous forms are present following puri- 
fication of native VEGFs. Native VEGFs refers to VEGF isolated and purified from cells that produce VEGFs. 
35 Vascular endothelial ceil growth factor may also exist in various alternatively spliced forms which is defined 
herein as the production of related mRNAs by differential processing of exons and introns. Exons are defined 
as those parts of the DNA sequence of a eukaryotic gene that code for the final protein product. It is also in- 
tended that the present invention includes VEGF subunits A.B and C which are defined as comprising the full 
length translation products of all alternatively spliced mRNAs made from the gene encoding the subunits and 
40 their conresponding mature amino acid sequences generated by proteolytic removal of the amino terminal sec- 
retory leader amino acid sequences. It is further intended that the invention only include those micro- 
heterogeneous and alternatively spliced VEGF subunits which when in the dimeric form exhibit biological- 
activity such as vascular endothelial cell stimulation as discussed, below. 

Glioma cells such as the rat cell line GS-9L are grown to confluence in tissue culture flasks, about 1 75 cm^ 
in a cell culture medium such as Dulbecco's Modified Eagle's Medium (DMEM) supplemented with about 10% 
newborn calf semm (NCS). When the cells reach confluence the culture medium is removed, the cell layers 
are washed with Ca*^ Mg^Vree phosphate buffered saline (PBS) and are removed from the flasks by treatment 
with a solution of trypsin, about 0.1%.and EDTA. about 0.04%. The cells, about 1 x 10«. are pelleted by cen- 
trifugation. resuspended in about 1500 ml of DMEM containing about 5% NCS and plated Into a ten level ceil 
50 factoi7^(NUNC), 6.000 cm^ surface area. The cells are incubated for about 48 to about 96 hours, with 72 hours 
preferred, at about 37» C in an atmosphere of about 5% CO2. Following incubation the medium is removed and 
' the cell factones are washed about 3 times with PBS, About 1 500 ml of fresh culture media is added containing 
about a 1:2 mixture of Ham's-F12/DMEM containing about 15 mM Hepes. pH about 7.4, about5 ^ig/ml Insulin, 
about 10 pg/ml transferrin and with or without about .1.0 mg/ml bovine semm albumin. This medium is replaced 
55 with fresh medium after about 24 hr and collected every 48 hr thereafter The collected condiUoned medium is 
filtered through Whatmen #1 paper to remove cell debris and stored at about -20° C. 

The GS-9L conditioned medium is thawed and brought to pH 6.0 with 1 M HCI. The initial purification step 
consists of cation exchange chromatography using a variety of cation exchangers on a variety of matrices such 
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as CM Saphadex C-50, Pharm. S, Zetachrom SP and Polyaspartic Acuf iLo^J|ist Group) with CM 

Sephadex C-50 (Pharmacia) be in^^ef erred. The VEGF-containing culture medi^nis mixed with CM 
Sephadex C-50 at about 2 gm per about 20 L of the conditioned medium and stinred at low speed for about 24 
hr at 4« C. The resin is allowed to settle and the excess liquid is removed. The resin slurry is packed into a 
column and the remaining culture medium is removed. Unbound protein is washed from the column with 0.05 
M sodium phosphate, about pH 6.0, containing 0.15 M NaG. The VEGF AB is eluted with about 0.05 M sodium 
phosphate, about pH 6.0, containing about 0.6 M NaCI. 

The active fractions collected from the CM Sephadex C-50 column are further fractionated by lectin affinity 
chromatography for additional purification of VEGF AB. The lectins which may bind VEGF AB include, but are 
not limited to, lectins which specifically bind mannose residues such as concanavalin A and lens culinaris ag- 
glutinin, lectins which bind N-acetylgiucosamine such as wheat germ agglutinin, lectins that bind galactose or 
galactosamine and lectins which bind sialic acids, with concanavalin A (Con A) being preferred. A 0.9 cm diame- 
ter column containing about 5 ml packed volume of Con A agarose (Vector Laboratories) is washed and equili- 
brated with about 0.05 M sodium acetate, about pH 6.0, containing about 1 mM CaClz, about 1 mM MnCl2 and 
about 0.6 M NaCI. The unbound protein is washed from the column with equilibration buffer. The VEGF AB Is 
eluted with about 0.1 M NaCI buffer containing about 0.32 M a-methyl mannoside and about 0.28 M a-methyl 
giucoside. 

The VEGF AB active eluate from the Con-A column is applied to a Polyaspartic Acid WCX cation exchange 
high peri^onmance liquid chromatography (HPLC) column. 4.6 mm x 250 mm. pre-equiiibrated in about 0.05 M 
sodium phosphate buffer. pH 6.0. The column is eluted with a linear gradient of about 0 to 0.75 M NaCI in the 
phosphate buffer over about 60 minutes. The flow rate is maintained at about 0.75 ml/min collecting 0.75 ml 
fractions. Vascular endothelial cell growth factor AB activity is present In fractions eluting between approxim-' 
ately 21.7 and 28.5 ml. 

The active fractions eluted from the polyaspartic WCX column that contain VEGF AB are pooled, adjusted 
to about pH .7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 68 charged with an 
excess of copper chloride and equilibrated in about 0.05 M sodium phosphate, about pH 7.0. containing about 
2 M NaCI and about 0,5 mM imidazole (A buffer). VEGF AB is eluted from the column with a gradient from 0-20% 
. B over 10 minutes, 20-35% B over 45 minutes and 35-100% B over 5 minutes at a flow rata of 0.3 mi/min. where 
, B buffer is 0.05 M sodium phosphate, pH 7.0, containing about 2 M NaCI and 100 mM imidazole. The active 
.fractions containing VEGF AB activity eluted between about 12.6 and 22.8 ml of the gradient effluent volume. 

The pooled fractions containing VEGF AB activity eluted from the metal chelate column are loaded onto a 
4,6 mm x 5 cm Vydac 

C4 reverse phase HPLC column (5 ^m particle size) previously equilibrated in solvent A [0,1% trifluoroacetic 
acid (TFA)]. The column is eluted with a linear gradient of about 0 to 30% solvent B over 15 minutes. 30% B 
for an additional 15 minutes, then 30^5% B over 22.5 minutes and finally 45-100% B over 5.5 minutes. Solvent 
B consists of solvent A containing 67% acetonitrile (v/v). The bow rate is maintained at about 0.75 ml/min and 
fractions are collected every minute. The homogeneous VEGF AB elutes from the C4 column under these con- 
ditions at between about 32 and about 38 ml of the gradient effluent volume. 

Purity of the protein is detennined by sodium dodecylsulfate (SDS) polyacryiamide gel electrophoresis 
(PAGE) in 12.5% crossiinked gels using the technique of Laemmli, Nature 227:680-684 (1970). The silver 
~ stained gels show VEGF AB to consist of one band under non-reducing conditions with an approximate appa- 
rent molecular mass of about 58.000 daltons.. When a sample containing the microheterogeneous forms of 
VEGF AB IS separated under reducing conditions it migrates as two about 23 kilodalton (kDa) subunits The 
purification process results in VEGF AB that is essentially free of other mammalian cell products, such as pro- 
teins. RecombinanUy derived VEGF AB will also be free of mammalian cell products. 

Biological activity is determined by mitogenic assay using mammalian vascular endothelial cells Human 
umbilical vein endothelial (HUVE) cells are plated on gelatin-coated dishes at a density of about 5000 cells per 
well in about 500 ^ of Medium 199 (M199) containing about 20% heat-inactivated fetal calf serum (PCS) Sam- 
ples to be assayed are added at the time of plating. The tissue culture plates are incubated at about 37' C for • 
about 12 hours and about 2 microcuries of tritiated thymidine (NEN. 20 Ci/mmol) is added per ml of assay 
medium (1.0 nCi/well). The plates are incubated for a further 60 hr, the assay medium is removed and the plates 
are washed with Hanks balanced salt solution containing about 20 mM Hepes. about pH 7.5 and about O 5 
mg/ml bovine serum albumin. The cells are lysed and the labelled DNA solubilized with about 20O nl of a solution 
containing about 2 gm of sodium carbonate and about 400 mg sodium hydroxide in about 100 ml water. The 
incorporated radioactivity was detemiined by liquid scintillation counting. The concentration of VEGF which eli- 
cited a half-maximal mitogenic response in HUVE ceils was approximately 2 ± 1 ng/ml. The glycosaminogiycan 
hepann. which is required in these assays at a level of 1 0-1 00 |ag/ml to promote a response to a positive control, 
acidic fibroblast growth factor, does not enhance mitogenic stimulation of these cells by VEGF AB. 
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A purified about 1-2 ^ig sa. d^^GF AB is reduced in about 0.1 M Tris.%!^lAj .5. with about 0.1% 
EDTA, about 6 M guanidinium chlonlifnd about 20 mM dithiothreitol for about 2 hr at about 50*^0. The reduced 
protein Is carfaoxymethylated for about 1 hour in a solution containing about 9.2 ^iM of uniabelled and 2.8 jiiVI 
of i^C-lodoacetic acid in about 0.7 M Tris, about pH 7.8, and about 0.1% EDTA and about 6 M guanidinium 
5 chloride. The protein is carboxymethylated for about 1 hr at room temperature. The protein is isolated after re- 
duction and carboxymethylation by reverse phase HPLC chromatography on a Vydac C4 column, about 4.6 
mm X 5 cm. Th protein subunits are loaded onto a column pre-equilibrated with about 0.1% TFA and eluted 
by a 45 ml linear gradient from about 0.1 % TFA to 0. 1 % TFAy67% acetonitrile at a bow rate of about 0.75 ml/min. 
The reduced and carboxymethylated protein eluted as two peaks at approxiniately 23 and 25 ml with the pro- 
10 portion being approximately equal as detemilned by monitoring absorbance at 210 nm. 

Samples of the reduced and carboxymethylated monomers are applied to polybrene-coated glass fiber fil- 
ters and their N-terminal sequences are d.etemiined by Edman degradation in an ABI gas phase microsequ- 
encer in conjunction with an ABI 120A on line phenylthiohydantoin analyzer following the manufacturers 
instructions. The protein showing the peak of absorbance eluting at approximately 25 ml (A subunit or monomer) 
15 yielded an amino tenninai sequence of: SEQ ID NO:1 

Ala Pro Thr Thr Glu Gly GIu Gin Lys Ala His Glu Val Val 
which Is Identical to the A chain monomers ofVEGFAA, Conn eta[.. Proc. Natl. Acad. Sci. USA 87: 2628-2632 
(1 990). The peak of absorbance eluting at approximately 23 ml (B subunit or monomer) yielded an N-terminal 
sequence of: SEQ ID NO:2 
20 AJa Leu Ser Ala Gly Asn Xaa Ser Thr Ser Thr Glu Met Glu Val Val 

Pro Phe Asn Glu Val . 
plus a nearly equal amount of a truncated form of the same sequence missing the first three amino acid resi- 
dues. The missing Xxx residue corresponds to an Asn residue in the cloned cDNA, see below. Since this mis- 
sing Asn occurs in a classical Asn Xxx Ser/Thr N-glycosylation sequence it is presumed to be glycosylated. 
25 The A subunit and the total of both B subunits are recovered in nearly equal amounts supporting the interpre- 
tation that the two peptides combine to fonn an AB heterodimer in VEGF AB. 

A sample of the A monomer was treated with either the protease trypsin which cleaves polypeptides on 
. the C-tanminai side of lysine and arginine residues or Lys C which cleaves polypeptides on the C-tenninal side 
. of lysine by procedures well known in the art. The peptides are isolated by reversed phase - HPLC(RP-HPLC). 
30 . The amino acid sequences of the isolated peptides are determined using the Edman degradation in the ABI 
gas phase sequenator in conjunction with the ABI 120 A on line phenylthiohydantoin analyzer following man- 
ufacturer's instructions. The amino acid sequences are shown in Figure 1 . ' 

Reduced and carboxymethylated A monomer is dried and solubilized In about 0.7 M Tris, about pH 7.8, 
about 6 M guanidinium chloride containing about 0.1% EDTA. VS protease is added in 0. 1 M ammonium bicar- 
35 bonate buffer, about pH 8.0, and the mixture is incubated for about 48 hr at about 37*»C. The protease cleaves 
predominantly on the carboxyl tenninai side of glutamic add residues. The resulting polypeptides were resolved 
by C,8 RP-HPLC as above. 

The reduced and carboxymethylated A subunit protein solution is adjusted to a pH of about 6.8 with 6 N 
HCI and dithiotreitol is added to a final concentration of 2 M for reduction of any methionine sulfoxide to 
40 methionine residues. After about 20 hr of reduction at about 39«C the protein is repurifred by C4 HPLC. The 
product is dried and cleaved on the carboxyl temiinal side of methionine residues by 200 ^1 of 40 mM cyanogen 
bromide in about 70 % (v/v) fonnic acid under an argon atmosphere at about 20''C for about 24 hr in the dark. 
The cleavage products are resolved by Cia RP-HPLC, The amino acid sequence is shown in Figure 1 . see Conn 
et al.. Proc. NatJ. Acad. Sci USA 87:2628-2632 (1 990), 
45 The full length 190 amino acid residue protein translation product of the VEGF AB, A monomer or subunit. 

which is now known to be identical with the VEGF AA. A monomer, and its cDNA coding sequence are shown 
in Figures 2 and 6. The mature amino terminus begins at residue 27, immediately following a typical hydrophobic 
secretory leader sequence. A single potential N-glycosylation site exists^at Asn,oo. Most (143 amino acid resi- 
dues) of the 164 residues of the reduced and carboxymethylated mature subunit including the amino terminus 
and HPLC reversed phase-purified products of tryptic (T). Lys-C (L). Staphvlococcus aureus VS protease (VS) 
and cyanogen bromide (CB) cleavages, were determined by direct microsequencing (Applied Biosystems 
470A) using a total of 5 iig of protein. All residues identified by amino acid sequencing are denoted by an-ows 
pointing to the right either directly beneath the mature processed sequence following the bracket at residue 27 
for the amino tenninai determination of the whole subunit or, for residues identified from the polypeptide cieav- 
55 age products, above the double-headed arrows spanning the length of the particular polypeptide. One listed 
pair of polypeptides. VISA and VI SB, was sequenced as a mixture and, therefore, are only confirmatory of the 
cDNA-deduced amino acid sequence, see Figures 1 and 5. 

Samples of the reduced and carboxym thylated pure VEGF AB, A and B monomers, were each digested 
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with the Lys-C endoproteinase, whicraeaves polypeptides on the C-terminal side of lysine residues. The pep- 
tides were isolated by reverse phase HPLC and their amino acid sequences were determined as described 
above. The locations of the peptides in the final VEGF AB, A and B sequences are shown in Figure 2 and Figure 
3, respectively. 

5 ~ The full length coding region of the A subunit or monomer Is determined from three sets of overlapping 
cDNA clones. Degenerate oligonucleotide primers based on the amino acid sequences Phe-Met-Asp-Val-Tyr- 
Gln from polypeptide L42 (residues 42-^7) and Cys-Lys-Asn-Thr-Asp from polypeptide T38 (residues 1 64-1 68) 
(see Figure 1) were used to PGR amplify the central region of the cDNA for VEGF A chain following the pro- 
cedure of Saiki et a^.. Science 230: 1350- 1354 (1985). A single band migrating at 420 bp was gel purified, di- 

10 gested with Sail, iigated into pGEM32f(+) and sequenced. The nucleotide sequence obtained (p423a).was used 
to design antisense and sense PGR primers to amplify the 5' and 3' ends of the cDNA according to the protocol 
described by Frohman et a[. Proc. Natl. Acad. Sci. USA 85:8998-9002 (1988). These 5' and 3' clones are de- 
. noted p5-15 and pW3, respectively. Regions of complete DNA sequences, excluding the primers, determined 
for each set of clones are indicated by double-headed arrows above the nucleotide sequence. In addition to. 

15' the cDNA coding the 164 amino acid secreted fonn identified by protein sequencing, two alternatively spliced 
cDNAs encoding a 146 amino acid and a 214 amino add fomis are cloned and sequenced. Figures 4, 5 and 
6. 

The full length codingL region of the B subunit or monomer is detenmined from four sets of overiapping cDNA 
clones. Degenerate oligonucleotide primers based on the amino acid sequences from polypeptide L50 are used 
20 to PGR amplify the central region of the cDNA for VEGF AB, B monomer, following the procedure of Saiki et 
a[.. Science 230 : 1350-1354 (1985). A single band migrating at 108 bp was gel purified, digested with Sail, 
Iigated into pGEM3Zf(+) and sequenced. The nucleotide sequence obtained (pYG) was used to design anti- 
sense and sense PGR primers to amplify the 5' and 3' ends of the cDNA according to the protocol described 
by Frohman eta[. Proc. Natl. Acad. Sci. USA 85:8998-9002 (1988). These 5' and 3' clones are denoted p5V2 
25 and p3V2, respectively. Additional 5' end sequences are determined from clone 202 isolated from a cDNA lib- 
rary prepared from GS-9L poly A* RNA. Regions of complete DNA sequences, excluding the primers, deter- 
^ mined for each set of clones are indicated by double-headed arrows above the nucleotide sequence. The entire 
.base sequence for the 158 amino acid microheterogeneous B subunit and the 138 amino acid micro- 
.heterogeneous B subunit are shown in Figures 7 and 8. 
30 The full length coding region of the G subunit or monomer is detennined from three sets of overiapping 

cDNA clones. Degenerate oligonucleotide primers based on the amino acid sequence Phe Ser Pro Ser Cys 
Val and Glu Met Thr Phe Ser Gly from rat VEGF B subunit are used to PGR amplify the central region of the 
cDNA of VEGF C chain following the procedure of Saiki et al,. Science 230: 1 350-1 354 (1 985). A band migrating 
at 180 bp is gel purified, reamplified and digested with Sail, Iigated into pGEM3Zf(+) and sequenced. The nuc- 
leotide sequence obtained (pFSEM') is used to design antisense and sense PGR primes to amplify the 5' and 
3' ends of the cDNA according to the protocol described by Frohman et al,. Proc, Natl, Acad. Sci, USA 85: 8998- 
9002 (1988). The 5' and 3' clones are denoted p5:16 and p3:19. respectively. The entire base sequence and 
amino acid sequence for the G subunit are shown in Figure 9. 

It Is Intended that vascular endothelial cell growth factor of the present invention exist as a heterodimer 
consisting of an A microheterogeneous afid/or.alternatively spliced subunit or a B microheterogeneous and/or 
alternatively spliced subunit combined with a C microheterogeneous and/or alternatively spliced subunit It is 
further intended that VEGF homodimer of the pVesent invention exist as two G subunits. The native forms of 
the A. B, G subunits may be processed fonm alternatively spliced full length translation products. The heterodi- 
mers or heterodimeric species can be depicted as: A+B. A+G or B+G with the A, B or G subunits existing in 
45 any of the alternatively spliced or microheterogeneous forms. The homodimers or homodimeric species can 
be fonned by combinations of any of the alternatively spliced or microheterogeneous fornis. It is also intended 
that the invention include all of the individual subunit forms of the A subunit. the B subunit and the C subunit 
of VEGF. 

It is further intended that the nucleotide sequence for vascular endothelial cell growth factor be interpreted 
50 to include all codons that code for the appropriate amino acids in the sequence for each of the vascular en- 
dothelial growth factor subunits, as indicated by the degeneracy of the genetic code. It is further intended that 
the nucleotide sequence and the amino acid sequence for VEGF subunits include truncated genes or proteins 
that result m proteins which exhibits biological activity similar to vascular endothelial cell growth factor. The 
scope of the invention is intended to include all naturally occwring mutations and allelic varients and any ran- 
domly generated artificai mutants which may change the sequences but do not alter biological activity as de- 
tennined by the.-ability to stimulate the division of vascular endothelial cells. 

The above described heterodimers. homodimers and subunits of vascular endothelial cell growth factor 
are characterized by being the products of chemical synthetic procedures or of procar/otic or eucaryotic host 
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, expression.of the DNA seque. ^^scribed herein. A monomer is defined that is not incorpo- 

rated in an oligomeric unit. ExpreJi^of the recombinant VEGF genes (recombTnalPPiA) is accomplished 
by a number of different host ceils which contain at least one of a number of expression vectore. Expression 
vectors are defined herein as DNA sequences that are required for the transcription of cloned copies of recom- 
5 binant DNA sequences or genes and the translation of their mRNAs in an appropriate host. Such vectors can 
be used to express genes in a variety of hosts such as bacteria, bluegreen algae, yeast cells, insect cells, plant 
cells and animal cells, with mammalian cells being priefenred. The genes may also be expressed using any of 
a number of virus expression systems. Specifically designated vectors allow the shuttling of DNA between bac- 
teria-yeast, bacteria-plant or bacteria-animal cells. An appropriately constructed expression vector should con- 
to tain: an origin of replication for autonomous replication in host cells, selective markers, a limited number of 
useful restriction enzyme sites, a high copy number, strong promoters and efficient translational stop signals. 
A promoter is defined as a DNA siequence that directs RNA polymerase to bind to DNA and to initiate RNA 
synthesis. A strong promoter is one which causes mRNAs to be initiated at high frequency. Expression vectors 
may include, but are not limited to. cloning vectors, modified cloning vectors, specifically designed plasmids 
15 or viruses and cosmids. The expression of mammalian genes in cultured mammalian cells is well known in the 
art Sambrook et §[., Molecular Cloning, A Laboratory Manual, 2nd Edition. Book 3. Cold Springs HariDor 
Laboratory Press (1989) and Cwrent Protocols In Molecular. Biology, Ausubei et. a[. Eds, Greene Publishing 
Associates and Wiiey-lnterscience, 1987 and supplements, disclose various mammalian expression vectors 
and vector systems along with methods for the introduction of recombinant vectors into mammalian cells. The 
20 cDNAforthe monomemc forms of the A, B and C subunits can be expressed in a system such as that described 
-by Linemeyer et a[., European Patent Application, Publication No. 259,953. The cDNA is incorporated into a 
commercially available plasmid such as pKK 223-3 (Pharmacia) as modified as by Linemeyer eta[. and exp- 
ressed in E. coli. Other expression systems and host cells are well known in the art. 

The high Cys contentand glycoslyation sites of the A. B and C subunits along with the structure of the homo- 
25 and heterodimers suggest that expression of biologically active proteins can be canied out in animal ceils. Exp- 
ression may be canried out in Chinese hamster ovary (CHO) cells with the cloned VEGF DNA cotransfected 
with the gene encoding dihydrofolate reductase (dhfr) into dhfr- CHO cells, see Sambrook etal. Transformants 
expressing dhfr are selected on media lacking nudeosides and are exposed to increasing concentrations of 
methotrexate. The dhfr and VEGF genes are thus coamplified leading to a stable cell line capable of expressing 
30 high levels of VEGF. The plasmid is designed to encode either an A subunit, a B subunit or a C subunit or a 
combination of any two of these subunits. The two cDNAs are operably attached so that the protein produced 
will be dimeric and will have VEGF biological activity. Operably attached refers to an appropriate sequential 
arrangerrjent of nucleotide segments, cONA segments or genes such that the desired protein will be produced 
by cells containing an expression vector containing the operably attached genes, cDNA segments or nuc- 
35 leotides. Plasmids containing a single subunit species may be used to cotransfect a suitable cell line. 

The expressed proteins (homodimers or heterodimers) are isolated and pwified by standard protein puri- 
fication processes. It is to be understood that the expression vectors capable of expressing heterodimeric fonns 
of VEGF will contain two DNA sequences which will encode either an A subunit and/or a DNA sequence which 
will encode a B subunit and/or a DNA sequence which will encode a C subuniL Expression vectors capable of 
40 expressing homodimeric forms of VEGF will contain either one or two DNA sequences which encode either 
two A. two B or two C subunits. 

The ability of the various species of VEGF to stimulate the division of vascular endothelial cells makes this 
protein in all microheterogeneous fomis and alternative splicing forms useful as a pharmaceutical agenL The 
protein as used herein is intended to include all microheterogeneous fonms as previously described. The protein 
45 can be used to treat wounds of mammals including humans by the administration of the novel protein to patients 
in need of such treatment. 

The novel method for the stimulation of vascular endothelial ceils comprises treating a sample of the desired 
vascular endothelial cells in a nutrient medium with mammalian VEGF, preferably human or rat, at a concen- 
tration of about 1-10 ng/ml. If the- vascular endothelial cell growth is conducted in vitro , the process requires 
50 the presence of a nutrient medluin such as DMEM or a modification thereof and a low concentration of calf or 
bovine( serum such as about 0 to 2% by volume. Preservatives such as antibiotics may also be included; these 
are well known in the art. 

The novel growth factors of this invention are useful forthe coverage of artificial blood vessels with vascular 
endothelial cells. Vascular endothelial cells from the patient would be obtained by removal of a small sequent 
55 of peripheral blood vessel or capilIaryH:ontaining tissue and the desired calls would be grown in culture in the 
presence of VEGF and any other supplemental components that might be required for growth. After growth of 
adequate numbers of endothelial cells in culture to cover a synthetic polymeric blood vessel the cells would 
be plated on the inside surface of the vessel, such as fixed umbilical vein, which is then implanted in the patient. 
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Alternatively, tubular supports are c35Fed in vitro with VEGF prior to implantation into a patient. Following im- 
plantation endothelial cells migrate into and grow on the artificial surface. Prior coating of the artificial vessel 
either covalentJy or noncovaientJy, with proteins such as fibrin, collagen, fibronectin or laminin would be per- 
fonned to enhance attachment of the cells to the artificial surface. The cell-lined artificial vessel would then be 
5 surgically implanted Into the patient and, being lined with the patients own cells, would be immunologically com-' 
patible. The non-thromfaogenic endothelial cell lining should decrease the Incidenc of dot formation on the 
surface of the artificial vessel and thereby decrease the tendency of vessel blockage or embolism elsewhere 
The novel proteins are also used for the production of artificial vessels. Vascular endothelial cells and 
smooth muscle cells from the patient would be obtained and grown separately in culture. The endothelial cells 
10 would be grown in the presence of VEGF as outlined above. The smooth muscle would be grown in culture by 
procedures well known in the art. A tubular mesh matrix of a biocompatible polymer (either a synthetic pojymer, 
with or without a coating of proteins, or a non-immunogenic biopoiymeric material such as surgical suture 
thread) would be used to support the culture growth of the smooth muscle cells on the exterior side and vascular 
endothelial cells on the Interior surface. Once the endothelial cells fonn a confluent monolayer on the inside 
IS surface and multiple layers of smooth muscle cells cover the outside, the vessel is implanted into the patient. 
The novel peptides can also be used for the induction of tissue repair or growth. The pure VEGF would be 
used to induce and promote growth of tissue by inducing vascular growth and /or repair. The peptide can be 
used either topically for tissue repair or intravasculariy for vascular repair. For applications involving neovas- 
cularization and healing of surface wounds the fonmulation would be applied directly at a rate of about 10 ng. 
20 to about 1 mg/cm2/day. For vascular repair VEGF Is given intravenepusly at a rate of about 1 ng to about 100 
^g/kg/day of body weight For internal vascular growth, the fonnnulation would be released directly into the region 
to be neovascularized either from implanted slow release polymeric material or from slow release pumps or 
repeated Injections. The release rate In either case is about 10 ng to about 100 ng/day/cm^. 

For non-topical application the VEGF is administrated in combination with pharamaceutically acceptable 
25 carri ers or diluents. such as. phosphate buffer, saline, phosphate buffered saline. Ringer's solution, and the 
like, in a pharamaceuticai composition, according to standard pharamaceutical practice. Fortopical application, - 
. various phanmaceutical fonmulations are useful for the administration of the- active compound of this invention' 
.Such formulations include, but are not limited to, the following: ointments such as hydrophilic petrolatum or 
.polyethylene glycol ointment; pastes which may contain poms such as xanthan gum; solutions such as alcoholic 
ao or aqueous solutions; gels such as aluminum hydroxide or sodium alginate gels; albumins such as human or 
animal albumins; collagens such as human or animal collagens; celluloses such as alkyl celluloses hydroxy 
alkyi celluloses and alkylhydroxyalkyi celluloses, for example methylcellulose. hydroxyethyl cellulose car- 
boxymethyl cellulose, hydroxypropyl methylcellulose. and hydroxypropyl cellulose; polyoxamers such as Plu- 
ron.c® Polyols exemplified fay Pluronic® F-127; tetronics such as tetronic 1508; and alginates such as sodium 
) alginate. 

The following examples illustrate the present invention without, however, limiting the same thereto. 
EXAMPLE 1 

Preparation of Medium Conditioned By GS-9L Cells 

X. confluence in 175 cm^ tissue culture flasks in Dulbecco's Modified Eagle's 

Med.um/10% newborn calf serum (DMEM/NCS). At confluence the medium was decanted from the flasks, the 
flasks were washed with calcium and magnesium free phosphate buffered saline (PBS) and the ceils were re- 
moved by treatment with a 1X solution of tiypsin/EDTA (Gibco). The cells (1 x 10^) were pelleted by centrrfu- 
Zn^nTt!^ -^^^ °^ DMEMy5% NCS and plated into a ten level (6000 cm^ surface area) cell 
actory (NUNC), After 72 hours incubation at 37« C in a 5% CO, atmosphere the medium was decanted and 

c !o?nl t";?"^^ ^-^'^ ^^^^^"^ ^ ^^""^^ "^'^^ ^^"^ ^^^^^ ^'^h 1500 ml of a 1 :2 mixture of Ham's 

F.12/DMEM containing 25 mM Hepes. pH 7.4. 5 ^g/ml insulin. 10 ^g/ml transferrin and 1.0 mg/ml bovine serum 
albunnin. This medium was changed with fresh F-12/DMEM after 24 hours and collected every 48 hours after 

. ono^ ""^^ through a Whatman #1 paper to remove cell debris and stored frozen 

ac — 

EXAMPLE 2 

Carboxymet hyUSephadex Chromatography of VEGF AA and VEGF AB 

GS.-9L conditioned medium, from Example 1. was thawed and brought to pH 6.0 with .1 M^HCI. Two grams 



of CM Sephadex C-50 cation e.. . .d^^^harmacia) resin preequilibrated in PB^vL.JjiH^to pH 6.0 with 1 N 
HCI were added to 20 liters of conditioned medium. The mixture was stinred at low speed for 24 hours at 4" C. 

The resin was then ailowed to settle and the medium was siphoned off. The remaining resin slurry was packed 
into a 3.0 cm diameter column and any remaining medium was allowed to drain off. Unbound protein was 
5 washed off the column with 0.05 M sodium' phosphate. pH 6.0. containing 0.15 M NaCI. Vascular endothelial 
growth factor activity was eluted from the column with a subsequent wash of 0.05 M sodium phosphate, pH 
6.0, containing 0.6 M NaCL 

EXAMPLE 3 * 

10 ' ' * 

Concanavaiin A (Con A) Lectin Affinity Chromatography of VEGF AA and VEGF AB 

A0.9cmdiametercolumncontaining about 5 ml of packed Con A agarose (Vector Laboratories) was equili- 
brated with 0.05 M sodium acetate, pH 6.0, containing 1 mM Ca"^*. 1 mM Mn""" and 0.6 M NaCI. The active el uate 
15 from the CM Sephadex C-50 column, Example 2, was applied to the Con A agarose. and unbound protein was 
washed from the column with equilibration buffer. The column was then rinsed with three column volumes of 
0.05 M sodium acetate, pH 6.0, containing 1 mM Ca""*, 1 mM Mn""^ and 0.1 M NaCI. Bound protein was sub- 
sequently eluted from the column by application of this buffer supplemented with 0.32 M a-methyl mannoside 
and 0.28 M a-methyi glucoside. 

20 

EXAMPLE 4 . 

Polyaspartic Acid WCX HPLC Cation Exchange Chromatography of VEGF AA and VEGF AB 

25 The active eluate from the Con A column, Example 3, was applied to a 25 cm x 4.6 mm poly(aspartic acid) 

VyCX cation exchange HPLC column (Nest Group) pre-equiiibrated in 0,05 M sodium phosphate buffer. pH 6.0. 
The column was eluted with a linear gradient of 0 to 0.75 M NaCI in this buffer over 60 minutes at a flow rate 
. of 0.75 ml/min collecting 0.75 ml fractions. VEGF AB activity present in fractions eluting between approximately 
. 21.7 and 28.5 ml were pooled. 
30 . 

EXAMPLE 5 

Metal Chelate Chromatography 

35 The active fractions eluted from the poly(aspartic acid) WCX column. Example 4, that contain VEGF AB 

were pooled, adjusted to pH 7.0 and loaded onto a 1 x 10 cm column of Pharmacia Chelating Sepharose 6B 
charged with an excess of copper chloride and equilibrated in 0.05 M sodium phosphate, pH 7.0, containing 2 
M NaCI and 0,5 mM imidazole (A buffer). VEGF AB was eluted from the column with a gradient from 0-20% B 
over 10 minutes, 20-35% B over 45 minutes and 35-100% B over 5 minutes at a flow rate of 0.3 ml/min, where 

40 B buffer was 0.05 M sodium phosphate. pH 7.0, containing 2 M NaCI and 1 00 mM imidazole. The active fractions 
containing VEGF AB activity eluting between 12.6 and 22.8 ml of the gradient.effluent volume were pooled. 

EXAMPLE 6 

45 Reverse Phase Chromatography - 

The fractions containing VEGF AB activity pooled from the metal chelate column, Example 5 were loaded 
onto a 4.6 mm x 5 cm Vydac C4 reverse phase HPLC column (5 ^m particle size) equilibrated in solvent A (0. 1 % 
trifluoroacetic acid (TFA)). The column was eluted with a gradient of 0-30% solvent B over 15 minutes, 30% B 
50 for an additional 15 minutes, then 30-45% 8 over 22.5 minutes and finally 45-100% B over 5.5 minutes where 
solvent B = A containing 67% acetonitrile. The flow rate was maintained at 0.75 ml/min. The active VEGF AB 
fractions eluting between approximately ,32.2 and 37.5 ml of the gradient effluent volume were pooled. 

EXAMPLE 7 

55 

Mitogenic Assays 

Human umbilical vein endothelial cells (HUVE) were plated on gelatin-coated 48 well tissue culture dishes 
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.at a density of 5000 cells/well li Medium 199 containing 20% heat inaci;'.;:.:^^! calf semm (PCS). 

Samples to be assayed were adde^^he time of plating, the tissue culture plates are incubated at 37« C for 
12 hours and 2 microcuries of tritiated thymidine (NEN, 20 Ci/mmol) was added per ml of assay medium (1.0 
^Ci/vell). The plates were incubated for a further 60 hr, the assay medium was removed and the plates were 
. 5 washed with Hanks balanced salt solution containing 20 mM Hepes, pH 7.5. and 0.5 mg/mi bovine serum albu- 
min. The ceils were lysed and the labelled DNA solubilized with 200 nl of a solution containing 2 gm of sodium 
carbonate and 400 mg sodium hydroxide in 100 ml water. The incorporated radioactivity was determined by 
liquid scintillation counting. 

The concentration of VEGF AB which elicited a half-maximal mitogenic response in HUVE cells was ap- 
10 proximately 2 ± 1 ng/ml. The glycosaminogiycan heparin, which is required in these assays at a level of 10-1 00 
lag/ml to promote a response to a positive control, acidic fibroblast growth factor, does not enhance mitogenic 
stimulation of these cells by VEGF AB. 
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EXAMPLE 8 



Purity And Protein Structural Characterization of VEGF AB 



Purity of the protein under non-reducing conditions was detenmined by SDS-PAGE in 12.5% crosslinked 
gels according to the method of Laemmll. Nature 227: 680-685 (1 970). The silver-stained gel contained a single 
20 band with an apparent mass of approximately 58 kDa. VEGF AB migrated in SDS-PAGE under reducing con- 
ditions in 15% crosslinked gels as a broad silver-stained band with apparent molecular mass of approximately 
23 kDa. 

VEGF AB was stored a 4"C in the aqueous trifluoroacetic acid (TFA)yacetonitriie mixture used to elute the 
homogeneous protein in reversed phase HPLC chromatography at the final stage of the purification protocol 
25 previously described. Aiiquots of the purified protein (1-2 ^g) were vacuum evaporated to dryness in acid-was- 
hed 10 x 75 mm glass tubes and reduced for 2 hours at 50'»C In 100 ^il ofO. 1 M Tris buffer. pH 9.5. and 6 M 
guanidinium chloride containing 0.1 % EDTA and 20 mM dithiothreitol (Calbiochem. Ultrol grade) under an argon 
atmosphere. The reduced protein was subsequently carboxymethylated for 1 hour at 20'C by the addition of 
- .100 nl of 0.7 M Tris. pH 7.8. containing 0.1 % EDTA. 6 M guanidinium chloride. 9.2 nM unlabeled iodoacetic 
30 acid and 50 ^CI of iodo[2.i^ C]aceticacid (17.9 mCi/mmole. Amersham). After completion of the carboxymethy- 
lation, the mUture was loaded directly onto a 4.6 mm x 5.0 cm Vydac C, column which had been preequilibrated 
m 0.1% TFA. The reduced and carboxymethylated protein was repurified by elution with a 45 minute linear gra- 
dient of O.to 67% (v/v) acetonitrile in 0.1 % TFA at a flow rate of 0.75 ml/min and stored in this elution solution 
at 4«C. The reduced and carboxymethylated protein eluted as two peaks at approximately 23 and 25 mi that 
35 were of approximately equal area as detenmined by monitoring absorbance at 210 nm. 

Samples of the two protein subunits isolated after reduction and carboxymethylation were each applied to 
polybrene-coated glass fiber filters and their N-terminal sequences were determined by Edman degradation in 
an A8I gas phase microsequencer in conjunction with an ABI 120A on line phenylthiohydantoin analyzer fol- 
lowing manufacturers instructions. The peak of absorbance eluting at approximately 25 mi (A subunit) yielded 
an ammo terminal sequence Ala Pro Thr Thr Glu Gly Glu Gin Lys Ala His Glu Val Val SEQ ID NO: .1 identical 
to VEGF AA. The peak of absoriD.ance eluting at approximately 23 ml (B subunit) yielded the N-teoninai sequ- 
ence Ala Leu Ser Ala Gly Asn Xaa Ser Thr Glu Met Glu Val Val Pro Phe Asn Glu Val SEQ ID NO- 2 plus a 
neariy equal amount of a truncated form of the same sequence missing the first three residues. The missing 
X residue corresponds to an Asn in the cloned sequence. Since this missing Asn occurs in a classical Asn-X- 
Sern-hr N-glycosylation sequence it is presumed to be glycosylated. The A and sum of the B chain peptides 

Tn aVkT^'! ^"^""^^ ^"'''''"'^ supporting the interpretation that the two peptides combine to form 

an AB heterodimer in VEGF 11. 

Reduced and carboxymethylated A and B subunits (650 ng each).were each dried by vacuum evaporation 
in acd-washed 10 x 75 mm glass tubes. Lys C protease (50 ng. Boehringer Mannheim), an enzyme that cleaves 
o, inx^^!"^ u^""'"^' ^'^'^ °^ residues, was added to each tube in 100 ^1 of 25 mM Tris. pH 8.5. 0.1 
/.EDTA, The substrate protein subunits were separately digested at 37-C for 8 hours and the resulting polypep- 
in oVrrn! p VT."*^ '"'^'-^ Chromatography on a 4.6 mm x 25 cm Vydac C,a column equilibrated 

n 1°; Tn7^ '^°'yP«P'''^«s fractionated by elution with a 2 hour linear gradient of 0-67% acetonitrile in 

55 elutL solln aH-r ''''' "^""^"^ ^"^ 

The amino gcid sequences of the isolated peptides were then determined using Edman degradation in an 
aioii!.^ conjunction with the ABI 120 A on line phenylthiohydantoin analyzer (Applied 

Biosystenrw InL). The peptide sequences are shown in the following Figures 2 and 3. The amino add sequence 

.11 
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of Lys C fragment L20 (Fig. 5) derriolWltes that the form of VEGF AB mature A subun^fflT the heterodimer is 
the 164 amino acid fonm. The amino acid sequence of Lys C fragment L26 (Fig. 3) demonstrates that the form 
of VEGF AB mature B subunit in the heterodimer is the 135 amino acid iorm derived from the 158 full length 
amino acid fonn. 

5 ' 

EXAMPLE 9 

Cloning and Sequencing of the VEGF A Monomer 

10 PGR Amplification. Cloning and Sequencing of P423a 

Two degenerate oligonu leotides were synthesized in order to amplify the cDNA encoding the peptide se- 
quences of VEGF A subunit between LysC fragment L 42 and tryptic fragment T3a. These oligonucleotides 
were: 
IS ' 

L42.2 5' TTTGTCGACTT[TC]ATGGA[TC]GT[N]TACTC]CA 3' , 
SEQrDN0:3 
20 TSSS'B 

5' CAGAGAATTCGTCGACA[AG]TC[N]GT[AG]TT[TC]TT 
[AG]CA 3* SEQ ID N0:4 

25 where N=ACGT 

Poly A^ RNA was isolated from GS-9L cells using the Fast Track RNA isolation kit from Invitrogen and the 
protocol provided. First strand cDNA synthesis was perfomied as follows; 

1 ^ig of GS-9L RNA was annealled to 1 jig of adapter primer TA17, 
•5' GACTCGAGTCGACATCGA I I i I 1 I I I I I i I I 11 I I 3' SEQ ID NO:5, by incubating in a volume of 10 ^1 at 
30 70**C for 5 min. followed by cooling to room temperature. To this reaction was added: 
3.0 water 

2.5 ^li 10X buffer (500 mM Tris-HCI pH 8.3. 750 mM KCI. 100 mM MgClj. 5 mM spermidine) 
2.5^1 >100mMDTT 

2.5 jii 10 mM each dATP. dGTP. dCTP, dTTP 
35 0.6 |tl 15 units RNasin 

2.5 \x\ 40 mM Na pyrophosphate 
1.5 )il 15 units reverse transcriptase 

and the reaction was incubated at42°C for 1 hour, then diluted to 1 ml in 10 mM Tris-HCI I mM EDTA. 
pH 7,5. 
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PGR Reactions: 



Primary reaction (100 jxl) 
10 ^il 10X buffer from Perkin Elmer Cetus GeneAmp kit 
45 16 ^^ 1.25 mM each stock of dATP, dCTP. dGTP. and dTTP 
2 ^1 first strand GS9L cDNA 
2)11 50 pMoles L42.2 

2 1^1 50 pMoles T383' B 

0.5 \il 2.5 units Amplitaq DNA polymerase 
50 67.5 ^il I water 

Reaction conditions, 40 cycles of 94*'C, 1'; 50*C. 2'30"; 72''C, 2', 

Prep scale secondary reaction: 

55 1 00 jil 10X buffer 

160 pi 1.25 mM each stock of dATP. dCTP, dGTP. and dTTP 

10 Ml primary PGR reaction 

20 ill . 500 pMoles L42.2 
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20 nl 500 pMoles T383'B "^'^ 
5\il '25 units Amplitaq DNA polymerase 

685 pi water ... 
Reaction conditions 94'C. 1'; 55=0, 2'; 72''C. 2'; 30 cycies. 
s The PGR product was concentrated by Centricon 30 spin columns, purified on a 1% agarose gel, and di- 

gested with restriction endonuclease Sail. The Sal! fragment was then iigated into Sail cut pGElV13Zf(+). The 
ligation mix was used to transfomri E. coli XL-1 blue. Plasmid DNA was isolated from white transformants and 
sequenced by the dideoxy chain termination method. 

10 PGR Amplification. Cloning and Sequencing of pW-3 

Based on the sequence obtained from the p4238 clones, two specific PGR primers were synthesized; oligo 
307 5' TTTGTCGACTCAGAGCGGAGAAAGC 3' SEQ ID NG:6 and oligo 289 5' TTTGTCGAGGAAAAT- 
GAGTGTGAGC 3' SEQ ID N0:7. These primers were used in combination with oligoA 17 
15 5'GAGTGGAGTGGACATCG 3' SEQ ID NO:8 to amplify the cDNA encoding the GOGH terminus of VEGF A 
subunit using the 3' RACE technique described by Frohman et a[., PNAS 85: 8998-9002 (1988). 

PGR reactions: . - 

20 Primary reaction 100 111 

10 10X buffer from Peri<in Elmer Getus GeneAmp kit 

ISjil 1.25mMeachstocl<ofdATP, dCTP. dGTP, anddTTP 

0.35 ^1 first strand GS-9L cDNA - 

2 ^1 50 pMoles oligo 289 . 
25 0.5 nl 2.5 units AmpHtaq DNA polymerase 

67.15^1 water 

Reaction conditions 94-C, 1'; 58-C. 2'; 72*'C. 2'; 10 cycles then add 50 pMoles A17, then 1 cycle of 94-G. V; 
.58^C. 2'; 72*'C, 40' followed by 40 cycles 94«C, 1'; 5a»C, 2'; 72*»C, 2'. 

0 Prep Scale secondary reaction: 

60 pi 10X buffer 

108 pi -4.25 mM each stock of dATP. dCTP, dGTP. and dTTP 
24 pi ^ primary PGR reaction 
5 12 pi 300 pMoles oligo 307 
12 pi 300 pMoles oligo A17 

3 pi . 15 units Ampiita.q DNA polymerase . 
381 pi water 

Reaction conditions 94''G, 1'; 5a«C, 2'; 72^C, 2'; 30 cycles. 
The PGR product was pwified on a 1% agarose gel and digested with restriction endonuclease Sail The 
Sal I fragment was then Iigated into Sal I cut pGEM3Zf(+). The ligation mix was used to transform E. coll XL-1 
blue, Plasmid DNA was isolated from white transformants and sequenced by the didedxy chain termination 
method. 

PGR Amplification, Cloning and Sequencing of p5-15 

Based on the sequence of p423a clones, two specific PGR primers were synthesized* oligo 113 
5'TTTGTGGAGAAGAGAGGAGGGGTTGAAG 3' SEQ ID NO:9 and oligo 74 5' 
TTTGTCGACATACTCCTGGAAGATGTCC 3' SEQ ID NO"10. 

These primers were used in combination with oligo A17 5' GACTGGAGTGGACATGG 3' SEQ ID NO'S to amplify 
the cDNA encoding the amino terminus of VEGF A subunit using the 5' RAGE technique described by Frohman 
et al.. supra. Oligo 151 was synthesized in order to specifically prime VEGF A subunit cDNA from GS-9L RNA 
Oligo 151 is 5' . . 

CTTCATCATTGCAGCAGC 3' SEQ ID N0:11. 

RNA was Isolated from GS-QL cells using the Fas t Track RNA isolation kit from Invitrogen using the protocol 
provided. First strand cDNA synthesis was performed as follows; 

One pg of GS9L RNA was annealled to 1 pg of oligo 151 by incubating in a volum of 6 pi at 70°G for 
5' followed by cooling to room temperature. To this reaction was added: 
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1.5 ^1 10X buffer (500mM\ ' H 8.3. 750 mM KCI. 100 mM MgCl2, 5^ lilysj^^ine) 
2.5^1 lOmMDTT 

2.5 nl 10 mM each dATP. dGTP. dCTP, dTTP 

0.6 lil 25 units RNasin 

2.5 |il 40 mM Na pyrophosphate 

9.5 20 units diluted reverse transcriptase 

The reaction was incubated at 42°C for 1 hour. Excess oiigo151 was removed by Centricon 100 spin col- 
umns and the 5' end of the cDNA was tailed by the addition of dATP and terminal transferase. The tailed cDNA 
was diluted to a final volume of 150 ^1 in 10 mM Tris-HCI, 1 mM EDTA, pH 7.5. 

PGR Reactions: 



Primary reaction (50 ^1) 
5 |il 10X buffer from Pericin Bmer Cetus GeneAmp Kit 

15 a^J 1.25 mMeachstockofdATP.dCTP,dGTP. and dTTP 

5 ^1 first strand GS-9L cDNA prime with oligo 151 and tailed 

1^ 25 pMoles oligo 113 

1 ^l 25'pMoles oligo A17 

1^1 10 pMoles oiigo TA17 . ' - 

20 0.25 ^1 1.25 units Ampiitq DNA poiymersase 

.28.75 jil water 

Reaction conditions; 1 cycle 94''C 1'; 50''C 2'; 72**C 40' then 40 cycles of 94«C 1'; 50°C 1'30"; 72''C 2' 



Prep scale secondary reaction: 



60 ^il 1 0X buffer 

96 ^il 1 .25 mM each stock of dATP, dCTP, dGTP. and dTTP 
6 ^il primary PGR reaction 

'12^l 300 pMoles oligo74 
30 '^2\ii 300 pMoles oligo A1 7 

"3 III 15* units Amplitaq DNA polymerase 

411 ^li water 

Reaction conditions 94*'C, 1'; 55**C. 2'; 72'*G, 2' 30 cycles. 
The PCR product was concentrated by Gentricon 100 spin columns, and digested with restriction endonuc- 
35 lease Sail. The Sail fragment was then ligated into Sail cut pGEM3Zf(+). The ligation mix was used to transform 
E. coli XL-1 blue. Plasmid DNA was isolated from white transfomriants and sequenced by the dideoxy chain 
termination method. The base sequence is shown in Fig. 5. 



Cloning and sequencing of alternative forms of VEGF A cDNA 

Based on the sequence obtained from the p5-15 and pW-3 clones, two specific PGR primers were syn- 
thesized; oligo 5' G 5' TTTGTGGACAAGGATGAAGTTTGTGC 3' SEQ ID NO:12 and oligo 181 5' 
TTTGTGGACGGTGAGAGGTGTAGTTC 3' SEQ ID NO:13. These primers were used together to amplify mul- 
tiple cONAs encoding alternative forms of the VEGF A subunit. 

Preparative PGR Reaction: 



50^1 1 0X buffer 

80 ^ll 1.25mM each stock of dATP. dGTP. dGTP, and dTTP 

50 10^1 first strand GS-9L cDNA . ' 

10 pi ' 300pMoles oligo 5'G 
10^1 300pMoles oligo 181 

2.5 fil 15 units Amplitaq DNA polymerase ' ^ 

337.5 yd water 
55 Reaction conditions 94'G. V; 5a**G. 2'; 72*'G, 3'; 40 cycles. 

The PGR product was extracted with phenol/chloroform, concentrated by Gentricon 30 spin columns, pre- 
cipitated by ethanol, and digested with restriction endonudease Sal I, and ligated into Sail cut pGEM3Zf{+). 
The ligation mix was used to transform E.coli XL-1 blue. Plasmid DNA was isolated from white transfonmants 
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and sequenced by the dideox> ;iy^^mination method. Three sets of donesT^iii^ljJj^ied, Clone#12 en- 
coded the 190 amino acid form of VEGF A subunit identical to that shown in Fig. 1. The 164 amino acid secreted 
farm of VEGF A subunit is that amino acid sequence running continuousiy from Ala^^ to Arg^^. Clone#14 has 
a 135 base pair deletion between the second base of the Asn^^ codon and the third base of the Arg^^ codon. 
This clone thus encodes a 146 aa form of the VEGF A subunit with the conversion of Asn^-*** to Lys^^. The 120 
amino acid secreted form of VEGF A subunit runs from AiaZ^ to Asn^-^, which becomes Lys^^ and does not 
begin until Cys^^, this fonm also finishes at Arg^^ Figure 4. Clone #16 has a 72 base pair insertion between 
the second and third base of the Asn^-*^ codon. This done thus encodes the 214 amino acid fomri of the VEGF 
A subunit with the conversion of Asn^^ to Lys^^, Figure 6. 

EXAMPLE 10 



Cloning and Sequencing of the VEGF B Subunit 

15 PCR Amplification, Cloning and Sequencing of pYG 

Two degenerate oligonucleotides were synthesized in order to amplify the cDNA encoding the peptide se- 
quences of VEGF B on Lys C fragment L50. These oligonudeotides were: 
YI 5' TTTGTCGACATArrClATITCA]GC[N]GA[TC]GA{AG]C 3' SEQ ID NO:14 
20 GC 5' TTTGTCGACTC[AG]TC[AG]TT[AG]CA{AG]CA[N]CC 3' SEQ ID NO:15 where N=ACGT 

. RNA was isolated from GS-9L cells using the Fast Track RNA isolation kit from invitrogen and the protocol 
provided. First strand cDNA synthesis was performed as follows; 

1 jag of GS-9L poly A+RNA was annealled to 1 jig of adapter primer TA17. 
5'GACTCGAGTCGACATCGA I II i I I I I I I I i I I I TT 3' SEQ ID NO: 5, by incubating in a volume of 10 jil at 
25 70*c for 5 min. followed by cooling to room temperature. To this reaction was added: 
3.0 lil water 

2.5 lal 10X buffer (500 mM Tris-Hd, pH 8.3, 750 mM KCi, 100 mM MgClj. 5mM spermidine) 
2.5^1 lOOmMDTT 
. 2.5 III 10 mM each dATP, dGTP. dCTP. dTTP 
30 , 0.6 jil 15 units RNasin 

2.5 ^1 40 mM Na pyrophosphate 
^,5\i\ 15 units reverse transcriptase 

and the reaction was incubated at 42'C for 1 hour, then diluted to 1 ml in 10 mM Tris-HCI. 1 mM EDTA, 
pH 7.5. 



PCR Reactions: 



Primary reaction (SOjal) 
5 jil, 10X buffer from Perkin Elmer Cetus GeneAmp kit 

^ a^ii ■ 1-25mMeachstockofdATP,dCTP, dGTP. and dTTP 
1 ^1 first strand GS-9L cDNA 

1 til 50 pMoles oligo YI - 

1 50 pMoles oligo GC 

0.25^1 1.25 units Amplitaq DNA polymerase 

45 33,75 |J water 

Reaction conditions. 40 cycles of 94*C. V; 50'C. 2'; 72''C, 2'. 

r 

Prep scale reaction: 

50 60^1 ^ 10X buffer 

96 jil ' 1.25mM each stock of dATP, dCTP, dGTP. and dTTP 
12 ^l first strand 659L cDNA 
12 ^^ . 500pMoles oligo YI 
12 fii 500pMoles oligo GC 
55 3 lai 15 units Amplitaq DNA polymerase' 

, 405 ^il water 

Reaction conditions 94''C. 1'; SO'C. 2'; 72''C, 2' 40 cycles. 
The PCR product was concentrated by Centricon 30 spin columns and digested with restriction endonuc- 
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ated into Sal! cut pGEM3Zf(+). The ligation rnflH^s used to transform 
E. coli XL-1 blue. Plasnnid DNA was isolated from whit transformants and sequenced by the dideoxy chain 
tamiination method. 

5 PGR Amplification, Cloning and Sequencing -of p3V2 

Ba sed on the sequence obtained from the pYG clones, a specific PGR primer was synthesized; oligo HP 
5' TTTGTCGACACACCCTAATGAAGTGTC 3' SEQ ID NO:16. 
This primer was used in combination with oligo A17 5' 
10 GAGTGGAGTGGACATCG 3' SEQ ID NO:a to amplify the cDNA encoding the GOOH terminus of the VEGF B 
subunit using the 3' RACE technique described by Frohman et al.. PNAS 85: 8998-9002 (1988). 

Preparative PGR reaction: 

IS 60 ^li 10X buffer from Perkin Elmer Cetus Gene Amp Kit 
12 ^il- first strand 659L cDNA 
■ .96 111 1.25 mM each of dATP, dCTP, dGTP. dTTP 
12 til 300 pMoles oligo A17 
12 ^il 300 pMoies oligo HP 
20 3 ^1 15units Amplitaq DNA polymerase 

405 yd water ^ 

Reaction conditions 1 cycle of 94"^ 1'; SS^C. 2'; 72''C. 2'; followed by 40 cycles 94'G, 1', 58'C. 2' and 
72'C, 2'. 

The PGR product was concentrated by Centricon 30 spin columns, precipitated with ethanol and digested 
25 with restriction endonuciease Sail. The Sail fragment was then ligated into Sail cutpGEM3Zf(+). The ligation 
mix was used to transfonm E. coH. XL-1 blue, Plasmid DNA was isolated from white transformants and sequ- 
enced by the dideoxy chain tenmination method. 
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PGR Amplification, Cloning and Sequencing of p5V2 



Based on the sequence of pYG clones, two specific PcR primers were synthesized; oligoVL' 
5' TTTGTCGACAAGAGCGAGTGAGAAGG 3' SEQ ID NO: 17 and oligoVS' 5' TTTGTGGACACTGAATATAT- 
GAGACAC 3' SEQ ID NO: 18. These primers were used In combination with oligo A17 

5' GACTGGAGtCGACATCG 3' SEQ ID NO:a to amplify the cDNA encoding the amino terminus of the VEGF 
35 B subunit using the 5' RAGE technique described by Frohman et al.. supra. Oligo 151 was synthesized in order 
to.prime cDNAfrom GS-9L RNA Oligo 151 is 5' CTTCATCATTGCAGCAGC 3' SEQ ID NO:11. 

Poly A+RNA was isolated from GS9L cells using the Fast Track RNA isolation kit from Invitrogen.using the 
protocol provided; First strand cDNA synthesis was performed as follows: 
One ^g of GS9L RNA was annealled to 1 \ig of oligo 151 by 
40 incubating in a volume of 6 ^l at 7Q''C for 5' followed by cooling 

to room temperature. To this reaction was added: 
1.5>il 10X buffer (500 mM Tris-HCI, pH 8.3, 750 mM KG!. 100 mM MgClj. 5mM spermidine) 
2.5 yd 10 mM DTT 

2.5 ^il 10 mM each dATP. dGTP, dCTP. dTTP 
45 0.6 pi 25 units RNasin 

2,5 yd 40 mM Na pyrophosphate 
9.5 yil 20 units diluted reverse transcriptase 
The reaction was Incubated at 42**c for 1 hour. 

Excess oligo 151 was removed by Centricon 100 spin columns and the 5' end of the cDNA was tailed by 
so the addition of dATP and tenninal transferase. The tailed cDNA was diluted to a final volume of 150 yd in 10 
mM Tris-HCI. 1 mM EDTA.pH 7.5 . ' - 

PGR Reactions: 

55 Primary reaction (50 pi) 

5 ^li 10X buffer from Perkin Elmer Cetus GeneAmp Kit 

8 jiJ 1.25 mM each stock of dATP, dCTP. dGTP. and dTTP 

S\x\ first strand GS9L cDNA primed with oligo151 and tailed 
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PCRAmpirficatinn n,^ri(ni| and s.n 
Based on the sequence Qbte- 

^ubunit us/ng the 3' RACE technlq'LL^eSLT^'i!^ '^^^A encoding the COOH t. • 

aescnbed by Frchman et a/. PNAS as onl? '«'^'nus of the VEGF a 
Preparative PGR reaction: --•'^^^^^• 3998-9002(1988). • ^ 



M 60 Mi 



300 pMo/es oligo HP 
405 ,i ;fj;:'^^P"-'^''DNApoiymerase 



— wciier 

The PCR p^^, „„ . ■ ^ ''^ ^ ■ t'y 40 cycles 94-0. ,.. SS-C 2- =„H 



5 ,^ 

GAGACAC 



"'""^'-AC 3' SEQ ID NO-ifl Tj, ^^^^ SfcQ /D NO- 17 anri m: r;<r ■'^""'"^'zed; oiigoVL' 

O-e .g 0. 039L R~t~ P-onneJitaotr ^''^^-^ ..ng the 
"c^bating in a volume of 6 n, a t 7o' r . °^ 

"Toj;--;-^^^^ 

2-5 Mi 10 mM DTT ""^ "^"^-^C'- S.3. 750 n,iVl KQ loo mu 

^ 10 mi^ each dATP d(.To . ^'"^ ^penriidine) 

'•S 25 units RNaslJ • ^^"^^ '^TTP ^ 

Excess oligo VT" ' 

9 addition Of dATP anw . ^'* ^«"«"n 100 sDin rn; 

Primary reaction (50 n/) 
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^ yil 25 pMoles oiigo " 

. 1 |ii 25 pMoles oligo A17 

1 ^il 10 pMoIes oligo TA17 

0.25 ^1 1.25 units Amplitq DNA polymersase 

28.75 ^1 water 

Reaction conditions; 1 cycle 94'C,1': 58^0. 2'; 72*'C. 40' then 40 cycles of g4*'C, 1'; SS^C, 2'; 72''C, 2'. 
Prep scale secondary reaction 
100 nl 10X buffer 

1 60 ^l 1 .25 mM each stock of dATP, dCTP. dGTP, and dTTP 

10 [li primary PGR reaction 

20 nl 500 pMoles oligo VS' 

20 ^il 300 pMoles oligo A17 

5 }xl 25 units Ampiitaq DNA polymerase 

685 III water 

Reaction conditions 94°C, 1'; 58°C. 2'; 72°C. 2' 30 cycles. 
The PGR product w^s extracted with pHenol/chlorofonm, concentrated by Gentricon 30 spin columns, pre- 
cipitated by ethand. and digested with restriction endonuclease Sail. The Sail fragment was purified on 4% 
Nu-Sieve Agarose gel then ligated into Sail cut pGEM32f(+). The ligation mix was used to transform E. coli 
XL-1 blue. Plasmid DNA was isolated from white transfonnants and sequenced by the dideoxy chain termination 
method. 

PGR Amplification, Cloning and Sequencing of pGV2 and pGV2.1 

Based on the sequences of the p3V2 and p5CV2 clones, two specific PGR primers were synthesized: oligo 
5'GV2.1 

. 5' TTTGTGGAC[N][N]GGAGGTGGTAGGTG 3' SEQ ID N0;19 and oligo 3'CV2 5' 
. TTTGTGGAGIN](N]CTAATAAATAGAGGG 3' SEQ ID NG:20. 

.These primers were used together to amplify the cDNA encoding the VEGF B subunit. 
Preparative PGR Reaction: 
40 III 10X buffer 

64 jil 1.25 mM each dATP; dTTP. dGTP, dGTP 

8 ^l first strand GS-9L cDNA 

a ^i 200 pMoles 5'GV2.1 

a 200 pMoles 3'CV2 

2^l lOunits Ampiitaq DNA polymerase 

270 jil water 

• Reaction conditions: 94''C. V, 5a''C, 2\ 72''C, 2'; 40 cycles. 
The PGR product was extracted with phenol/chlorofomi. concentrated by Gentricon 30 spin columns, pre- 
cipitated by ethanol. and digested with restriction endonuclease Sal 1, and ligated into Sal I cut pGEM3Zf(+) 
The ligation mix was used to transform E. coli XL-1 blue. Plasmld.DNA was isolated form white transfromants 
and sequenced by the dideoxy chain termination method. Two sets of clones were Identified, one encoded a 
158 ammo aad sequence and the other encoded a 138 amino acid sequence, see Figures 7 and 8. 

cDNA Gloning of VEGF B Subunit 

The DNA and protein sequences for the amino temainus of the signal peptide of VEGF B was determined 
from a cDNA clone isolated from a cDNA library constructed from GS-9L polyA+ RNA 
First Strand Synthesis 

Anneal 15.6^1 (5ug) GS-9L polyA+ RNA and 2.5^1 (2.5ug) oligo dT-Xbal primer by heating to 70' G 5' 
slow cool to room temperature. Add the following:. 

5.5^1 10X buffer (500 mM Tris-HGI. pH 8.3 (42- G). 750 mM KGI, 100 mM MgGI^. 5mM spermidine 
5.5^l lOOnr^ DTT 

5.5^1 10 mM each dATP, dTTP. dGTP, dGTP 
1.4^1 . (55units) RNasin 
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5^1 lOOmM MeMgOH 

6.25^1 0.7M B-mercaptoethanol 

2.5\i\ random primer 

2.5(il RNase Inhibitor 
5 10|ii 5XRT buffer 

2.5^i 25mM dNTPs 

1.25^I reverse transcriptase 12.5units 

The reaction was incubated for 60' at 42°C, then 3' at SS^C, placed on ice. then an additional 1 .25ul reverse 

transcriptase was added and the reaction incubated an additional 60' at 42''C. 
10 The above procedure was performed in duplicate and the cDNAs pooled to a final volume of 100ul. 

PGR Reactions: 

Primary reaction (100|ai) ' 
is 10 ^l 10X buffer from Perkin Elmer Cetus GeneAmp kit 
16 ^li 1.25mM ea_ch of dATP. dCTP, dGTP, TTP 
10 ^l first strand TE-671 cDNA 

2 ^1 50 pmoies FS. primer . 
2 1^1 50 pmoies EM' primer 

20 0.5 \3\ 2.5 units Amplitaq DNA polymerase 
59.5 \x\ water 

Reaction conditions: 40 cycles of 90**C, 1'; 2' ramp to 45''C; 2' at 45'C; 2' at 72''C. 
Gel Purification 

20 ^ii of the primary PGR reaction was purified on a 4% NuSieve agarose gel. The 180 base pair band was 
25 excised from the gel. heated to 65° C for 5' and used directly as template for the secondary PGR reaction. 
Secondary PGR reaction 200|il 

• 20 \\\ 10X buffer from Perkin Elmer Getus GeneAmp kit 

• 32 ^l 1.25mM each of dATP. dCTP. dGTP, TTP 

• 5 )s\ melted gel slice 

30 4 fiJ 100 pmoies FS primer 

4 jil 100 pmoies EM' primer 

1 jii - 5 units Amplitaq DNA polymerase 

134 ^il water 

Reaction conditions: 35 cycles of 94'C, 1'; 50*'C. 2'; 72'C, 2' 
35 The PGR product was purified on a Qiagen tip 5 column, then digested with restriction endonuclease Sail. 

The Sail fragment was then iigated into Sail cut pGEM3Zf(+), and the ligation mbc used to transfonn E. coli 

XL-1 blue. Plasmid DNA was isolated from white transformants and sequenced by the dideoxy chain termination 

method. 

^0 PGR Amplification, Cloning and Sequencing of p3M9 

Based on the sequence obtained from the pFSEM' done, a specific PGR primer was synthesized- 
oligo LH 5' TTTGTGGAGA GTG GAG TGT GTG GGG GTG 3' SEQ ID NO:23. This primer was used in combi- 
nation With oligo A17.5' GACTGGAGTCGAGATCG 3' SEQ ID NO:24. to amplify the cDNA encoding the GOOH 
45 temiinus of the VEGF C subunit using the 3' RACE technique described by Frohman et al.. PNAS 85:8998-9002 
(1988). 

Poly A+ RNA was isolated from TE.671 cells using the Fast Track RNA isolation kit from Invitrogen and 
the protocol provided. First strand cDNA synthesis was performed as follows using the cDNA Cycle kit from 
Invitrogen and the TA17 adapter primer. 
so TA17 5' GACTCGAGTCGACATCGA i Hi i i I N i I 111 M i 3' SEQ ID NO'S 
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0.8 ^il 


I^ig of TE-671 polyA+ RNA 


20.7 ^i 


water 


5^1 


100 mM MeMgOH 


6.25 jil 


0.7 M B-mercaptoethanol 


1.0 


0.88 \iq primer TA17 


2.5 Mi 


RNase Inhibitor - 


10 jii 


5X RT buffer 


2.5 jii . 


25mM dNTPs 
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1.25 \x\ reverse transcriptase 12.5 units 

The reaction was incubated for 60' at 42''C. then 3' at QS^C. placed on ice. then an additional 1 .25ul reverse 
transcriptase was added and the reaction incubated an additional 60' at 42**G. 

3' RACE PGR 

20 nl . 10 X buffer from Perkin Elmer Cetus GeneAmp kit 
32 ^1 1,25mM each of dATP. dCTP. dGTP, TTP 
20 ni first strand TE-671 cDNA primed with TA17 
2 ^1 50 pmoles LH primer 

2 1^1 50 pmoles A1 7 primer .. ^ 

1.0 111 5 units Amplitaq DNA polymerase 
123 jil water 

Reaction conditions; 40 cycles of 94G, 1'; 2' at SB^'C; 3' at 72''G. 

The PGR product was purified on a Qiagen tip 5 column, then digested with restriction endonuciease Sail. 
The Sail fragment was then ligatad Into Sal! cut pGEM3Zf(+), and the jigation mix used to transfonn E. coli 
XL-1 blue. Plasmid DNA was Isolated from white transformants and sequenced by the dideoxy chain termination 
method. . . • 

PGR Amplification, Cloning and Sequencing of p5M6 

Based on the sequence obtained from the pFSEM' clone, two specific PGR primers were synthesized; 
oiigo VP 5' TTTGTCGAGA AC ATT GGC GGT CTC GAG G 3' SEQ ID NO:24. and oligo TG' 5' TTTGTCGACA 
ATC GGC GCA GCA GGC GGT 3' SEQ ID NO:25. These primers were used in combination with 
oligo A17, 5' GAGTGGAGTGGAGATCG 3' SEQ ID NO:8, and oligo TA17 

5'GACTGGAGTCGACATCGA I 1111111111111111 3' SEQ ID N0:5 to amplify the cDNA encoding the amino 
. tenminus of the VEGFC subunit using the 5' RACE technique described by Frohman etal., PNAS 85: 8998-9002 
(1988). 

Poly A+ RNA was isolated from TE-671 cells using the Fast Track RNA isolation kit from Invitrogen and 
the protocol provided. First strand cDNA synthesis was perfonmed as follows using the cDNA Cycle kit from 
Invitrogen and the VE' primer: 



1.0 ^il 1 \ig of TE-671 polyA+ RNA 

20.25 water 

5jil lOOm.MMeMgOH 

6.25 \xl 0.7 M B-mercaptoethanol 

1.0^1 1.0 ^ig primer VE' 

2.5 \ii RNase Inhibitor 

10 ^il 5XRT buffer 

2.5 lai 25 mM dNTPs 

0.5 ^1 AMV reverse transcriptase (Promega) lOunits 



The reaction was incubated for 60'at 42°C, then 3' at 95»G, placed on ice, then an additional 1 .25ul reverse 
transcriptase was added and the reaction incubated an additional 60' at 42°C. Excess oligo VE' was removed 
by a Centricon 100 spin column and the 5' end of the cDNA was tailed by the addition of dATP and terminal 
transferase. The tailed cDNA was diluted to a final volume of 200 ul in 10mM Tris-HCI. ImM EDTA. pH 7.5. 

5'RACE PCR5X lOOul 



10 ^il 10X buffer from Perkin Elmer Cetus GeneAmp kit 

16 ^l ^ 1.25mM each of dATP. dCTP, dGTP, TTP ^ 

10 ^l • . first strand TE-671 cDNA primed with VE' 

2 ^il 50 pmoles TG' primer 

2 ^il 50 pmoles A1 7 primer 

2^1 20 pmoles TA1 7 primer 

0.5 ^1 2.5 units AMplitaq DNA polymerase 

57.5 \ii water 



Reaction conditions: 40 cycles of 94*'G. 1'; 2' ramp to 58°C; 2' at 5a*C; 2' at 72''G, 

The PGR product was purified on a Qiagen tip 5 column, then digested with restriction endonuciease Sail, 
Sail fragment was then ligated into Sail cut pG£i\/13Zf(+). and the ligation mix used to transform E. coli 
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XL-1 blue. Plasmid DNA was Isolated from white transformants and sequenced by the dideoxy chain termination 
method. The combined sequences fomi piasmids pFSEM', p3'19 and p5'16 are shown In Figure 9. 

PGR Ampllficpotion, Cloning and Sequencing of phVC16 and phVC2 

Based on the sequences of the p5'. 16 and p3'. 19 clones, two specific PGR primers were synth sized; 
oligo 5' GGVB 5' TTTGTCGAG TGG CTC TGG ACG TGT GAG 3' SEQ ID NO:26 and oligo 3'VC 5'TTTGTGGAC 
ACT GAA GAG TGT GAG GG 3' SEQ ID NO:27. These primers were used together to amplify the cDNA en- 
coding the complete VEGF C subunit. 

Poly A+ RNA was isolated from TE-671 ceils using the Fast Track RNA Isolation kit from Invitrogen and 
the protocol provided. First strand cDNA synthesis was performed as follows using the cDNA Cycle kit from 



Invitrogen; 


0.8|al 


1^ig of TE-671 polyA+ RNA 


19.2^1 


water 




100 mM MeMgOH 


6.25^ll 


0-7 M B-mercaptoethanol 


2.5jil 


oligo dT primer 


2.5nl 


RNase Inhibitoc 


10nJ 


5X RT buffer 


2.5^I 


25 mM dNTPs 


1.25^1 


reverse transcriptase 12.5units 



The reaction was incubated for 60' at42C, then 3' at 95C. placed on ice, then an additional 1. 25 ul. reverse 
transcriptase was added and the reaction incubated an additional 60' at42C.' 

PGR Reaction 200 ul 
20fil 1 0X buffer from Perkin Elmer Getus GeneAmp kit 
32^i 1,25mM each of dATP. dCTP. dGTP. TTP 
-20^l first strand TE-671 cDNA primed with oligo dT 
4^l 50 pmoles 5' GGVB primer ^ 

4^1 50 pmoles 3'VG primer 

Ijii 5 units Amplitaq DNA polymerase 

119^1 water 

Reaction conditions: 40 cycles of 94''C, V;; 2' at 50*G;.2'at 72''G. 

The PGR product was purified on a Qiagen tip 5 column, then digested with restriction endonuclease Sail, 
The Sail fragment was then ligated into Sail cut pGEM32f(+), and the ligation mix used to transform E. coli 
XL-1 blue. Plasmid DNA was isolated from white transfonmants and sequenced by the dideoxy chain termination 
method. In the sequences of clones phVC16 and phVG2 base 463 (Fig. 9) was changed from a T to a G elimi- 
nating the translaUonal stop codon following amino acid 154; this results in the addition of 16 amino acids fol- 
lowing amino acid Lys 154. The nucleotide sequence and the deduced amino acid sequence of this addition 
is: ^ 

CAG CXr ACA GAC TGC CAC CTG lO: GGC GAT GCT GTT 
Gin Arg Pro Thr Asp Cys His Leu Cys Gly Asp Ala Val 
155 .150 165 

GOC CGG AGG TAA • ' 
Pro Arg Arg 

170 SEQIDNO:29 

In addition done phVG16 contains a 3 base pair deletion (Figure 9, nucleotide residues 73-75) resulting in the 
deletion of Gin 25. ' . 
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SEQUENCE LISTING 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE.: amino acid 

(C) STRANDEDNESS : Not Appiicab 

(D) TOPOLOGY: linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 
Ala Pro Thr Thr Glu Gly Glu Gin Lys Ala His Glu Val 

5 . * 10 

Val 



(2) INFORMATION FOR SEQ ' ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Not Applicable 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION.: SEQ ' ID NO : 2 : 
Ala Leu Ser Ala Gly Asn Xaa Ser Thr Glu Met Glu Val 

5 - 10 : 

' Val Pro Phe Asn Glu Val 
15 ' ' 

20 (2) INFORMATION FOR SEQ ID NO : 3 : " 

• (i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 26 base pairs - 

(B) TYPE: nucleic acid, 

(C) STRANDEDNESS: single 
25. (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
TTTGTCGACT. TYATGGAYGT NTAYCA 2 6 

(2) INFORMATION FOR SEQ ID NO : 4 : 
30 (i)' SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 
, (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 • (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

CAGAGAATTC GTCGACARTC NGTRTTYTTR CA 32 

(.2) INFORMATION' FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A) LENGTH: 35 base pairs 

• (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION-: SEQ ID NO : 5 : 
4s GACTCGAGTC GACATCGATT tTTTTTTTTT TTTTT 3 5 

■ (2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: . 
(A) LENGTH: 28 base pairs 
so (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 
Ala Pro Thr Thr Glu Gly Glu Gin Lys Ala His Giu Val 

■ 5. - io 

Val 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: Not Applicable 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

Ala Leu Ser Ala Gly Asn Xaa Ser Thr Glu Met Glu Val 

5 10 
Val Pro Phe Asn Glu Val 
15 — . 

^ (2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
2^ (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
TTTGTCGACT' TYATGGAYGT NTAYCA 2 6 

(2) INFORMATION FOR SEQ ID NO: 4: 

30 . (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

. (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

3S ' (xi) SEQUENCE DESCRIPTION: SEQ ID NO : ^ : 

CAGAGAATTC GTCGACARTC NGTRTTYTTR CA 32 

(2) 'INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 
40 . ^ (A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
45 GACTCGAGTC GACATCGATT . TTTTTTTTTT TTTTT 3 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

.(A) LENGTH: 28 base pairs 
50 ' "(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
TTTGTCGACA ACACAGGACG GCTTGAAG 28 

INFORMATION FOR SEQ ID'nO:7: 

(i)' ■ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 
TTTGTCGACG AAAATCACTG TGAGC 25 

INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(Ay LENGTH: 17 base pairs 
•(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID* NO 
GACTCGAGTC GACATCG 17 

INFORMATION FOR SEQ ID NO : 9 : 

(i) ■ SEQUENCE CHARACTERISTICS': 

(A) LENGTH: 2 8 base pairs 

(B) TYPE:" nucleic acid 

(C) STRANDEDNESS: single. 

(D) TOPOLOGY: linear 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 
TTTGTCGACA ACACAGGACG GCTTGAAG 2 8 

INFORMATION FOR SEQ ID NO: 10: .' 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
. (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION:' SEQ ID NO • 
TTTGTCGACA-" TACTCCTGGA AGATGTCC 28 - 

INFORMATION FOR. SEQ ID NO : 1 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi)- SEQUENCE DESCRIPTION: SEQ ID NO • 
CTTCATCATT GCAGCAGC 18 
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(2) INFORMATION FOR SEQ ID NO : 12 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 
^ • (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 12 
TTTGTCGACA ACCATGAACT TTCTGC 2 6 

10 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid. 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: 'linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 
TTTGTCGACG ■ GTGAGAGGTC TAGTTC 2 6 ' 

INFORMATION FOR SEQ ID NO: 14: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 
TTTGTCGACA TAYATHGCNG AYGARC 2 6 

INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 
TTTGTCGACT CRTCRTTRCA RCANCC 2 6 

(2) INFORMATION FOR SEQ' ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) ^LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
^(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 6 : 
TTTGTCGACA CACCCTAATG AAGTGTC 27 

(2) INFORMATION FOR SEQ ID N0:i7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 
TTTGTGGACA ACAGCGACTC AGAAGG 2 6 

^ (2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: . 27 base pairs 

(B) ^ TYPE: nucleic acid 

(C) STRANDEDNESS : single 
^0 (D) TOPOLOGY: linear 

' (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 
TTTGTCGACA CTGAATATAT GAGACAC 27 

(2) INFORMATION FOR SEQ- ID NO : 1 9 : 
*5 (i) SEQUENCE CHARACTERISTICS: 

- (A) LENGTH: 2 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: . linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

. TTTGTCGACN NGCAGGTCCT AGCTG 25 



(2) INFORMATION FOR SEQ ID NO: 20: 
25 (i)' SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: ^ single 

(D) TOPOLOGY: ' linear" 

(xi) , SEQUENCE DESCRIPTION: SEQ ID NO:20 
TTTGTCGACN NCTAATAAAT - AGAGGG 2 6 

(2) INFORMATION FOR SEQ ID.NO:21: 

(i) SEQUENCE CHARACTERISTICS: 
35 - (A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY": linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 1 ; 
' TTTGTCGACA' TTCAGTCCNT CNTGYGT 27 

(2) INFORMATION FOR SEQ ID NO:22:, 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 
.(B) TYPE: nucleic acid 
. (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
TTTGTCGACA CTGAGAGAAN GTCATYtC 2 8 
/ • ■ " 

50 ■ . . 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 
TTTGTCGACA ACAGCGACTC AGAAGG 2 6 

^ (2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18; 
TTTGTCGACA CTGAATATAT GAGACAC 27 

(2) INFORMATION FOR SEQ ID N0:19: 
<5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 "base pairs 

(B) TYPE: nucleic acid • 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 9 : 

. TTTGTCGACN NGCAGGTCCT AGCTG 25 ■ 



(2) INFORMATION FOR SEQ ID NO: 20: 
25 (i)' SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:20 

TTTGTCGACN NCTAATAAAT AGAGGG 2 6 

(2) INFORMATION FOR SEQ ID. NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 1 : 
^ TTTGTCGACA' TTCAGTCCNT CNTGYGT 27 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

- (A) LENGTH: 28 base pairs • 
(B) TYPE: nucleic acid 
- (C) STRANDEDNESS: single 



(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ^ID NO: 22 
TTTGTCGACA CTGAGAGAAN GTCATYTC 2 8 
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(2) .INFORMATION FOR SEQ ID NO; 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 base pairs 
? (B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23 
- TTTGTCGACA CTGCACTGTG TGCCGGTG 2 8 

10 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 base pairs 

(B) TYPE: nucleic acid 

IS (C) STRANDEDNESS: single ' 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 4 
, TTTGTCGACA ACATTGGCCG TCTCCACC 2 8 

20 (2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid' 

(C) 'STRANDEDNESS: single 
25 (D) TOPOLOGY: linear 

. (xi) SEQUENCE .DESCRIPTION: SEQ ID NO: 25: 
TTTGTCGACA ATCGCCGCAG CAGCCGGT 2 8 

(2) INFORMATION FOR SEQ ID NO : 2 6 : 
20 . SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 
• ■ • (B) TYPE: nucleic acid 

.(C) STRANDEDNESS: single 
■(D) TOPOLOGY: linear 
.3^ (xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 6 : 

TTTGTCGACT GGCTCTGGAC GTCTGAG 

(2). INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 
, (A) -'LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

" (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
TTTGTCGACA CTGAAGAGTG TGACGG 2 6 
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(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 
(A). LENGTH: 51 base pairs 
■ (B), TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ* ID NO; 28 

GAG AGA CCC ACA GAC TGC CAC CTG TGC GGC GAT 
GCT GTT 3 9 



51 



CCC CGG AGG TAA 



(2) 'INFORMATION FOR SEQ ID NO : 2 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: amino acids 

(C) STRANDEDNESS : single 
■ (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID. NO: 29: 

G-ln Arg Pro Thr Asp Cys His Leu Cys Gly Asp 
20 Ala Val 



5 10 



Pro Arg Arg 
15 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 577 base pairs 

(B) TYPE: nucleic acid 

30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30 

AACC 



ATG AAC TTT CTG CTC TCT ■ TGG GTG CAC TGG ACC CTG GCT TTA CTG 4 9 
Met Aan Phe Leu Leu Ser Trp Val His Trp Thr Leu Ala Leu Leu 
•5 10 15 

CTG TAG CTC CAC ' CAT GCC AAG TGG TCC CAG GCT GCA CCC ACG ACA 94 
Leu Tyr Leu His His Ala Xys Trp Ser Gin Ala Ala Pro Thr Thr 
^ 20 . 25 ' 30 

GAA GGG GAG CAG AAA GCC CAT GAA GTG GTG AAG TTC ATG GAC GTC 129 
Glu Gly Glu Gin Lya Ala His Glu Val Val Lya Phe Met Aap Val 
35 .40 40 

TAC CAG CGC AGO TAT TGC CGT CCG ATT GAG ACC CTG GTG GAC ATC 184 
. Tyr Gin Arg Ser Tyr Cys Arg Pro lie Glu Thr Leu Val Asp lie 

50 55 60 

■ TJC CAG GAG TAC CCC GAT GAG ATA GAG TAT ATC TTC AAG CCG TCC 22 9 
Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr He Phe Lys Pro Ser 

65 70 - 75 * 
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TGT GTG CCC CTA ATG CGG TGT GCG GGC TGC TGC AAT GAT GAA GCC ^7<J 

Cys. Val Pro Leu Met Arg Cys Ala Gly Cys Cys Aan Asp Glu Ala 
80 85 ' 90 

CTG GAG TGC GTG CCC ACG TCG GAG AGC AAC GTC ACT ATG CAG ATC 319 

Leu Glu Cya Val Pro Thr Ser Glu Ser Asn Val Thr Met Gin lie 
95 100 105 

ATG CGG ATC AAA CCT CAC CAA AGC CAG CAC ATA GGA GAG ATG AGC 3 64 

Met Arg He Lya Pro His Gin Ser Gin Hia He Gly Glu Met Ser 

. 115 120 



TTC CTG CAG CAT AGC AGA TGT ' GAA TGC AGA CCA AAG AAA GAT AGA 4 09 
Phe Leu Gin Hia. Ser Arg Cya Glu Cys Arg Pro Lys Lys Asp Arg 
125 130 135 

ACA AAG CCA GAA AAT CAC TGT GAG CCT TGT TCA GAG CGG AGA AAG- 4 54 
.Thr Lya Pro Glu Asn His Cys Glu Pro Cys Ser Glu Arg Arg Lys 
140 145 150 



CAT TTG TTT GTC CAA GAT CCG CAG ACG TGT AAA TGT TCC TGC AAA 4 99 
His Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys 
155 160 155 

AAC ACA GAC TCG .CGT TGC AAG GCG AGG CAG CTT . GAG TTA AAC GAA 5 4 4 
Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu- 
170 175 180 

CGT ACT TGC AGA TGT GAC AAG CCA AGG CGG TGA 57 7 

Ai-g Thr. Cys Arg Cys Asp Lys Pro Arg Arg 
185 190 

12) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 190 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE 'DESCRIPTION: SEQ ID NO : 3 1 : 

Met Asn Phe Leu Leu Ser^Trp Val His Trp Thr Leu Ala Leu Leu 

5 10 15 

Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 
20 25 30 



■Glu Gly Glu Gin Lys Ala His Glu Val Val Lys Phe Met Asp Val 

35 40 . 45 

Tyr Gin Arg Ser Tyr Cys Arg Pro He Glu Thr Leu Val Asp lie 

50 55 60 

Phe Gin Glu Tyr Pro Asp Glu He Glu Tyr' He Phe Lys Pro Ser 
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65 ^ 70 75 

Cys Val Pro Leu Met Arg Cya Ala Gly Cyz Cys Aan Aap Giu Ala 

80 .85 '90 

Leu Glu Cya Val Pro Thr Ser Glu Ser Aan Val Thr Met Gin He 

•95 100 105 

Met Arg He Lys Pro His Gin Ser Gin His lie Gly Glu Met Ser 

110 115 120 

Phe Leu Gin His Ser Arg Cys Glu Cys Arg Pro Lys Lys Asp Arg 

125 130 135 

IS Thr Lys Pro Glu Asn His Cys Glu Pro Cys Ser Glu Arg Arg Lys 

140 14'5 150 

His Leu Phe Val. Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys 

155 160 165 
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Asn Thr Asp Ser Arg Cys Lys Ara Arg Gin Leu Glu Leu Asn Glu 
170 175 180 

Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg 
185 190 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 45 base pairs 

(B) TYPE: nucleic acid 

30 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32 



ACCA ' 4 

ATG AAC TTT CTG CTC TCT TGG GTG CAC TGG ACC CTG GCT TTA CTG 4 9 

Met Asn Phe Leu Leu Ser Trp Val His Trp Thr Leu' Ala Leu Leu 

5 ' 10 15 

CTG TAC CTC CAC CAT GCC-AAG TGG TCC CAG GCT GCA CCC ACG ACA 9 4 

40 Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 

20 ^ 25 30 

GAA GGG GAG CAG AAA GCC CAT GAA GTG GTG AAG TTC ATG GAC GTC 139 

Glu Gly Glu Gin Lys Ala His .Glu Val Val Lys Phe Met Asp Val 

35 40 45 



TAC CAG CGC AGC TAT TGC CGT CCG ATT GAG ACC CTG GTG GAC ATC 184 

Tyr Gin Arg Ser Tyr Cys Arg Pro lie Glu Thr Leu Val Asp lie 

SO 55 60 

TTC CAG GAG TAC CCC GAT GAG ATA GAG TAT ATC TTC AAG CCG TCC 22 9 

Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro See 
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65 - 70 "75 

TGT GTG CCC CTA ATG CGG TGT GCG GGC TGC TGC AAT GAT . GAA GCC 27 4 
Cys Val Pro Leu Met Arg Cys Ala Gly Cys Cys Asn Asp Glu Ala 
80 as 90 

CTG GAG TGC GTG CCC ACG TCG GAG AGC AAC GTC ACT ATG CAG ATC 31? 
Leu Glu Cys Val Pro Thr Ser Glu Ser Asn Val Thr Met Gin lie 
95 100 105 

ATG CGG ATC AAA CCT CAC CAA AGC CAG CAC ATA GGA GAG ATG AGC 36 4 
Met Arg lie Lys Pro His Gin Ser Gin His lie Gly Glu Met Ser 
110 lis 120 

TTC CTG CAG CAT AGC AGA TGT GAA TGC AGA CCA AAG AAA GAT AGA 4 09 
Phe Leu Gin His Ser Arg Cys Glu Cys Arg Pro Lys Lys Asp Arg 
125 130 ' - 135 



ACA AAG CCA GAA AAA TGT GAC AAG CCA AGG CGG TGA 445 
Thr Lys Pro Glu Lys Cys Asp Lys Pro Arg Arg 
20 140 145 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH": 14 6 amino acids 
25 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: ^ linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 33 : 

30 wet Asn Phe Leu Leu Ser Trp Val His Trp Thr' Leu Ala Leu Leu 

5 10 15 

Leu' Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 

20 ■ . 25 ■ .30 

Glu Gly Glu Gin Lys Ala His Glu Val Val Lys Phe Met Asp Val 

'35 - 40 . 45 

Tyr Gin Arg Ser Tyr Cys Arg Pro lie Glu Thr Leu Val Asp lie 
50 ^ 55 60' 

Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr lie Phe Lys Pro Ser 
65 70 75 

^ Cys Val Pro Leu Met Arg Cys Ala Gly Cys Cys Asn Asp Glu Ala 
,80 85 90 

Leu Glu Cys Val Pro Thr Ser Glu" Ser Asn Val Thr Met Gin lie 

95 .100 105 

Met Arg lie Lys Pro His Gin Ser Gin His lie Gly Glu Met Ser 
50 110 115 120 
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■ Phe Leu Gin His Ser Arg Cys Glu Cys Arg Pro Lya Lys Aap Arg 
12S 130 135 

Thr Lys Pro Glu Lys Cys Asp Lys Pro Arg Arg 
140 '145 

(2) INFORMATION FOR SEQ ID NO : 3 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ . 
ID NO: 34 : 

AACC 4 

ATG AAC TTT CXG CTC TCT TGG GTG CAC TGG ACC CTG GCT TTA CTG 4 9 
Met Asn Phe Leu Leu Ser Trp Val His Trp Thr Leu Ala Leu Leu 

5 10 .15 

CTG TAG CTC CAC CATGCC AAG TGG TCC CAG GCT GCA CCC ACG ACA 94 
Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 
.20 25 30 

GAA GGG GAG CAG AAA GCC CAT GAA GTG GTG AAG TTC ATG GAC GTC 159 
Glu Gly Glu Gin Lys Ala His Glu Val Val Lys Phe Mec Asp Val 
35 40 45 

TAC CAG CGC AGC TAT TGC CGT CCG ATT GAG ACC CTG GTG GAC ATC 184 
Tyr Gin Arg Ser Tyr Cys Arg Pro lie Glu Thr Leu Val Asp lie 
50 55 60 

TTC CAG GAG TAC CCC GAT GAG ATA GAG TAT ATC TTC AAG CCG TCC 2 29 
Phe Gin Glu Tyr Pro, Asp Glu lie Glu Tyr lie Phe Lys Pro Ser 
65 .70 75 

TGT GTG CCC CTA ATG CGG TGT GCG GGC TGC TGC AAT GAT GAA GCC 2 74 
Cys Val Pro Leu Met Arg Cys Ala Gly Cys Cys Asn Asp Glu Ala 
80 ^ 85 90 

CTG GAG TGC GTG CCC ACG TCG GAG AGC AAC GTC ACT ATG CAG ATC 319 
Leu Glu Cys Val Pro Thr Ser Glu Ser Asn Val Thr Met Gin lie 
95 100 105 

ATG CGG ATC AAA CCT CAC CAA AGC CAG CAC ATA GGA GAG ATG AGC 3 64 
Met Arg lie Lys Pro His Gin Ser Gin His lie Gly Glu Met Ser 
. 110 115. 120 

TTC CTG CAG CAT AGC AGA TGT GAA TGC AGA CCA AAG AAA GAT AGA 4 09 
Phe Leu Gin His Ser Arg Cys Glu Cys Arg Pro Lys Lys Asp Arg 
125 130 135 

ACA AAG CCA GAA AAA AAA TCA GTT CGA GGA AAG GGA AAG GGT CAA 4 54 
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Thr Lys Pro Glu Lys Lys Ser Val Arg Gly Lya Gly Lys Gly Gin 
140 l4^5 

AAA CGA AAG CGC AAG AAA TCC CGG TTT AAA' TCC TGG AGC GTT CAC 4 99 
Lys Arg Lys Arg Lys Lys Ser Arg Phe Lys Ser Trp Ser Val His 
.155 . 160 165 

TGT gag CCT TGT TCA gag CGG AGA AAG CAT TTG TTT GTC CAA GAT 54 4 
Cys Glu Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gin Asp 
170 ' • -175 lao 

CCG GAG ACG TGT AAA TGT TCC TGC AAA AAC ACA_ GAG TCG CGT TGC 58 9 
Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys 
185 - 2^35 

AAG GCG AGG CAG CTT GAG TTA AAC GAA CGT ACT TGC AGA TGT GAC 63 4 
Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp 
200 205 210 

AAG CCA AGG CGG TGA - " 549 

Lys Pro Arg Arg 

(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 214 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35: 

Met Asn Phe Leu. Leu Ser Trp Val His Trp Thr Leu Ala Leu Leu 

5 : 10 15 

Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 
20 25 30 

Glu Gly Glu Gin Lys Ala His Glu Val Val Lys Phe Met Asp Val 
35 40 - 45 

Tyr Gin Arg Ser Tyr Cys Arg Pro He Glu Thr Leu Val Asp lie 
50 _ 55 60 

Phe Gin Glu Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser 
^5 -70 75 

Cys Val Pro Leu Met Arg Cys Ala Gly Cys Cys. Asn Asp Glu Ala 
80 . 85 90 

Leu Glu Cys Val Pro Thr Ser Glu Ser Asn Val Thr Met Gin He 
95 100 105 

Met Arg He Lys Pro His Gin Ser Gin His He Gly Glu Met Ser 
■ 110 . 115 ^ 120 * 
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Phe Leu Gin His Ser Arg Cys Giu Cys Arg Pro Lys Lys Asp Arg 
125 , 130 135 

Thr Lys Pro Glu Lys Lys Ser Val Arg Gly Lys Gly Lys Gly Gin 
140 145 150 

Lys Arg Lys Arg Lys Lys Ser Arg Phe Lys Ser Trp Ser Val His 
155 160 165 

Cys Giu Pro Cys Ser Glu Arg Arg Lys His Leu' Phe Val Gin Asp 
170 175 180 

Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys 
185 190 195 

Lys Ala Arg . Gin Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp ' 
200 205 . 210 

Lys Pro Arg Arg 

(2) ' INFORMATION FOR SEQ ID NO : 3 6 : 

(i.) SEQUENCE CHARACTERISTICS: 

• (A) LENGTH': 417 base pairs 

(B) TYPE: nucleic acid 

(C) ^STRANDEDNESS : single 

(D) TOPOLOGY: linear * 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 6 : 

ATG CTG GCC ATG AAG CTG TTC ACT TGC TTC -TTG CAG GTC CTA GCT 
Met Leu Ala Met Lys Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

5 10 - 15 

GGG TTG GCT GTG CAC TCC CAG GGG GCC CTG TCT GCT GGG AAC AAC 
Giy Leu Ala Val His Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 
■ 20 . • 25 . 30 

TCA ACA GAA ATG GAA GTG GTG CCT TTC AAT GAA GTG TGG GGC CGC 1 
Ser Thr Glu Met Glu Val Val Pro Phe Asn Glu Val Trp Gly Arg 
35 . 40 45 

AGC TAG TGC CGG CCA ATG GAG AAG CTG GTG TAC ATT GCA GAT GAA 1 
Ser Tyr Cys Arg Pro Met^ (31u Lys Leu Val Tyr He Ala Asp Glu 

. ■ ' 50 55 

CAC CCT AAT GAA GTG TCT CAT .ATA TTC AGT CCG TCA TGT GTC CT^* 2 
His Pro Asn Glu Val Ser His He Phe Ser Pro Ser Cys Val Leu 

70 . 75 

CTG AGT CGC TGT AGT GGC TGC TGT GGT GAC GAG ' GGT CTG CAC- TGT 1 
Leu Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu Gly Leu His Cys 
^80 85 90 
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GTG GCG CTA AAG ACA GCC AAC ATC ACT ATG CAG ATC TTA AAG ATT 315 
Val Ala Leu Lya Thr Ala Aan lie Thr Met Gin lie' Leu Lys lie 
95 100 . • 105 

GCC GCC AAT CGG GAT CCA CAT TCC TAG GTG GAG ATG ACA TTC TCT 360 
Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Met Thr Phe Ser 
110 lis 120 

CAG GAT GTA CTC TGC GAA TGC AGG CCT ATT CTG GAG ACG ACA AAG 4 05 
Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lvs 
125 130 135 

GCA GAA AGG TAA , ' . ^ ^ 7 

Ala Glu Arg 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 138 amino acids 
.(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Met Leu Ala Met Lys Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

■ 5 10 • - 15 

Gly Leu Ala Val His Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 
20 ' 25 ' 30 

Ser Thr Glu Met Glu Val Val Pro Phe Asn Glu Val Trp Gly Arg 
35 40 45 

Ser Tyr Cys Arg Pro Met Glu Lys Leu Val Tyr lie Ala Asp .Glu 
50 . . 55 . 60 

His Pro Asn Glu Val Ser His lie Phe Ser Pro Ser Cys Val Leu 
65 . 70 75 

Leu Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu Gly Leu His Cys 
ao 85 90 

^ . Val Ala Leu Lys Thr. Ala Asn He Thr Met Gin He Leu Lys He 

95 100: 105 

Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Met Thr Phe Ser 

115 120 

4S Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr thr Lys 

125 130 135 

Ala Glu Arg 

50 ^2) INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 
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GTG GCG CTA AAG ACA GCC AAC ATC ACT ATG CAG ATC TTA AAG ATT 315 
Val Ala Leu Lys Thr Ala Aan He Thr Met Gin He" Leu Lys He 

■ 35 lOO . - • 

CCC CCC AAT CGG GAT CCA CAT TCC TAC GTG GAG ATG ACA TTC TCT 3 60 
Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Met Thr Phe Ser 

115 120 

CAG GAT GTA CTC TGC GAA TGC AGG CCT ATT CTG GAG ACQ ACA AAG 4 05 

Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lys 

125 130 135 

GCA GAA AGG TAA 

Ala Glu Arg . - ' 

(2). INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 138 amino acids' 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION:- SEQ ID NO: 37: 

Met Leu Ala Met Lys Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

• 5 10 . 15 

■ Gly Leu Ala Val His Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 

20 • 25 ■ 30 

Ser Thr Glu Met Glu Val Val Pro Phe Asri Glu Val Trp 'Gly Arg 
35 40 ' 45 

Ser Tyr Cys Arg Pro Met Glu Lys Leu -Val Tyr lie Ala Asp Glu 

SO 55 . 60 

His Pro Asn Glu Val Ser His He Phe Ser Pro Ser Cys Val Leu 

65 -70 75 • 

Leu Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu- Gly Leii His Cys 
QO- ^85 90 



Val Ala Leu Lys Thr Ala \sn He Thr Met Gin He Leu Lys He 

35 100. 105 

Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Met Thr Phe Se- 
110 115 

Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lys 

.125 130 j^35 

Ala Glu Arg 

(2) INFORMATION FOR SEQ ID NO: 38: 

(i) .SEQUENCE CHARACTERISTICS: 
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GTG GCG CTA AAG ACA GCC AAC ATC ACT ATG CAG ATC TTA AAG ATT 3 
Val Ala Leu Lys Thr Ala Aan lie Thr Met Gin lie Leu Lys lie 

95 100 . ■ 105 

CCC CCC AAT CGG GAT CCA CAT TCC TAC GTG GAG ATG ACA TTC TCT 3 
Pro Pro Aan Arg Asp Pro His Ser Tyr Vai Glu Met Thr Phe Ser 
110 lis 120 

CAG GAT GTA CTC TGC GAA TGC AGG CCT ATT CTG GAG ACG ACA AAG 4 
Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lys- 
125 130. 1^5 

GCA GAA AGG TAA 
Ala Glu Arg 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 138 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Met Leu Ala Met Lys Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

• 5 10 . . 15 

Gly Leu Ala Val His Ser Gin Gly.Ala Leu Ser Ala Gly Asn Asn 

2Q . _ 25 -30 

Ser Thr Glu Met Glu Val Val Pro Phe Aan Glu Val Trp Gly Arg 
35 . 40 4 5 

Ser Tyr Cys Arg Pro Met Glu Lys Leu Val Tyr He Ala Asp Glu - 

■ 50 55 60 

His Pro Asn Glu Val Ser His He Phe Ser Pro Ser Cys Val Leu 
65 ■'O 75 

Leu Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu Gly Leii His Cys 
80 as 90 

Val Ala Leu Lys Thr Ala Aan He Thr Met Gin He Leu Lys He 

95 100. 105 

Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Met Thr Phe Ser 
110 115 120 

Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lys 
125 130 -135 

Ala Glu Arg 



(2) INFORMATION FOR SEQ' ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS 
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(A) LENGTH: 477 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single ' 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

ATG CTG GCC ATG. AAG CTG TTC ACT TGC TTC TTG GAG GTC CTA GOT 4 5 
Met Leu Ala Met: Lya Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

5 10 15 

GGG TTG GCT GTG CAC TCC CAG GGG GCC CTG TCT GCT GGG AAC AAC 90 
Giy Leu- Ala Val Hia Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 

20 25 ^ 30 . 

TCA ACA GAA ATG GAA GTG GTG CCT TTC AAT GAA GTG TGG GGC CGC 135 
Ser Thr Glu Met Glu Val Val Pro Phe Asn. Glu Val Trp Gly Arg 
35 40 ■ 45 - 

AGC TAC TGC CGG CCA ATG GAG AAG CTG GTG TAC ATT GCA GAT GAA 180 
Ser Tyr Cys Arg Pro Met Glu Lya Leu Val Tyr lie Ala Aap Glu 

50 . 55 - 60 

CAC CCT AAT GAA GTG TCT CAT ATA TTC AGT CCG TCA TGT GTC CTT 22 5 
His Pro Aan Glu Val Ser His. lie Phe Ser Pro Ser Cys Val Leu 
65 . 70 .75 

CTG AGT CGC TGT AGT GGC TGC TGT GGT GAC GAG GGT CTG CAC TGT 27 0 
Leu Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu Gly Leu His Cys 
80 85 90 

GTG GCG CTA AAG ACA GCC AAC ATC ACT ATG CAG ATC TTA AAG ATT 315 
Val Ala Leu Lya Thr Ala Asn lie Thr Met Gin He Leu Lys He 
95 100 105 

CCC-CCC AAT CGG GAT CCA CAT TCC TAC GTG GAG ATG ACA TTC TCT 360 
Pro Pro Aan Arg Aap Pro Hia Ser Tyr Val Glu Met Thr Phe Ser 
110 115 120 

CAG GAT GTA CTC TGC GAA TGC AGG CCT' ATT CTG GAG ACG ACA AAG 4 0-5 
Gin Asp Val Leu- Cya Glu Cya Arg Pro He Leu Glu Thr Thr Lys 

125 ■ ' 130 135 • 

GCA GAA AGG AGG AAA ACC AAG GGG AAG AGG AAG CAA AGC AAA ACC 4 50 
Ala Glu Arg Arg Lya Thr Lys Gly Lys Arg Lya Gin Ser Lys Thr 
140 145 150 



CCA CAG ACT GAG, GAA CCC CAC CTG TGA 477 
45 Pro Gin Thr Glu Glu Pro Hia Leu 

; ,155 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 
so <A) LENGTH: 158 amino acids 
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(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
• (D) TOPOLOGY: linear 

(xi) SEQUENCE' DESCRIPTION: SEQ ID NO:39 



Met Leu Ala Met Lys Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

5 10 15 

Gly Leu Ala Val Hia Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 
20 ■ 25 30 

Ser Thr Glu Met Glu Val Val Pro Phe Aan Glu Val Trp Gly Arg 
35 40 45 

Ser Tyr Cys Arg Pro Met Glu Lys Leu Val Tyr lie Ala Asp Glu 
50 55 60 

His -Pro Asn Glu Val Ser His lie Phe Ser Pro Ser Cys Val Leu 
.65 70 75 

Leu Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu Gly Leu His Cys 
80 -85 90 

Val Ala Leu Lys Thr Ala Asn lie Thr Met Gin He Leu Lys He 
• 95 ■ 100 105 

Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Met Thr Phe Ser 
110 115 120 

Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lys 
125 130 135 

Ala Glu Arg Arg Lys Thr Lys Gly Lys Arg Lys Gin Ser Lys Thr 

• * .140 145 150 

Pro Gin Thr Glu Glu Pro His Leu 
■ 155 

(2') INFORMATION. FOR SEQ ID NO : 40: 

(i) SEQUENCE CHARACTERISTICS: 
^ • (A) -LENGTH: .4 65 base pairs 

(B) ■ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

ATG CCG GTC ATG AGG- CTG TTC CCT TGC TTC CTG CAG CTC CTG GCC 
Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala 

• 5 ■ 10 15 
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GGG CTG. GCG CTG CCT GCT GTG- CCC CCC CAG CAG TGG GCC TTG TCT 90 
Gly Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser 
20 25 '30 

GCT GGG AAC GGC TCG TCA GAG GTG GAA GTG GTA CCC TTC CAG GAA 135 
Ala Gly Aan Gly. Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu 
35 .40 45 

GTG TGG GGC CGC AGC TAC TGC CGG GCG CTG GAG AGG CTG GTG GAC 180 
Val Trp Gly Arg Ser Tyr Cys Arg Ala Leu Glu Arg Leu Val Aap 
50 55 60 

GTC GTG TCC GAG TAC CCC AGC GAG GTG GAG CAC ATG TTC AGC CCA 225 
Val Val Ser Glu Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro 
65 70 75 

TCC TGT GTC TCC CTG CTG CGC TGC ACC GGC TGC TGC GGC GAT GAG 2 70 
Ser Cys Val Ser Leu Leu Arg Cys Thr Gly Cys Cys" Gly Asp Glu 
80 - 85 '90 

20 AAT CTG CAC TGT GTG CCG GTG GAG ACG GCC -AAT GTC ACC ATG CAG 315 

Asn Leu His Cys Val Pro Val Glu Thr Ala Asn Val Thr Met Gin 
95 100 105- 
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CTC CTA AAG ATC CGT TCT GGG GAC CGG CCC TCC TAC GTG GAG CTG 3 60 
Leu Leu Lys lie Arg Ser Gly Asp Arg Pro Ser Tyr Val Glu Leu 
110 115 - 120 

ACG TTC TCT CAG CAC GTT CGC TGC GAA TGC CGG CCT CTG CGG GAG 4 05 
Thr Phe Ser Gin His Val Arg Cys Glu Cys Arg Pro Leu Arg Glu 
125 130 135 

AAG -ATG AAG CCG GAA AGG AGG AGA CCC AAG GGC AGG GGG AAG AGG 4 50 
Lys Met Lys Pro Glu Arg Arg Arg Pro Lys Gly Arg Gly Lys Arg 
140 145 150 

AGG AGA GAG AAG TAG . • '4 65 

Arg Arg Glu Lys 

(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 154 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: , linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

Met Pro Val Met Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala 

5 10 IS 

91y Leu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser 
20 25 30 
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Ser Glu Val Glu Val 
40 

Tyr Cys Arg Ala Leu 
55 

Pro Ser Glu Val Glu 
70 

Leu Arg Cys Thr Giy 
- 85 

Pro Val Glu Thr Ala 
100 

Ser Giy Asp Arg Pro 
115 

Val Arg. Cys Glu Cys 
130 

Arg Arg Arg Pro Lys 
145' 



Val Pro Phe 
Glu Arg Leu 
His Mec Phe 
Cys Cys Giy 
Asn Val Thr 
Ser Tyr Val 
.Arg Pro Leu 
, Giy Arg Giy 



Gin Glu 
45 

Val Asp 
60 

Ser Pro 

" 75 

Asp Glu 
90 

Met Gin 
105 

Glu Leu 
120 

Arg Glu" 
133 

Lys Arg 
150 



uence encoding the C subunit of vascular endothelial cell growth factor 

I 

lendothelial cell growth factor C subunit DNA sequence comprising: 





CTG 


TTC 


CCT TGC 


TTC CTG 


CAG 


CTC 


CTG 




OCT 


GCT 


GTG CCC 


CCC CAG 


CAG 


TGG 


GCC 




GGC 


ICG 


TCA GAG 


GTG GAA 


GTC 


GTA 


CCC 


G 


GGC 


CGC 


AGC TAC 


TCC CGG 


GCG 


CTC 


GAG 


C 


GTG 


TCC 


GAG TAC 


CCC AGC 


GAj3 


GTC 


GA.G 


A 


ICC 


TGT 


GTC TCC 


CIG CTC 


CGC 


TGC 


ACC 


T 


GAG 


AAT 


CTG CAC 


TGT GTC 


CCG 


GTC 


GAG 


,c 


ATG 


CAG 


CTC CTA 


A-AG ATC 


CGT 


TCT GGG 


iC 


GTG 


GAG 


CTG AOG 


TTC TCT 


CAG 


CAC 


GTT 


SG 

1 


CCT 


CTG 


CGG GAG 


AAG ATC 


AAG 


CCG 


GAA. 




GGC 


AGG 


GGG AAG 


AjGG AGG 


AGA 


GAG 


AAG 



1 growth factor AC DNA comprising an A subunit DNA sequence and a C 
h growth factor BC DNA comprising a B subunit DNA sequence and a C 
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Ala Gly Asn Giy Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu 

35 40 . • 45 

Val Trp Giy Arg Ser Tyr Cya Arg Ala Leu Glu Arg Leu Val Asp 

50 " 55 60 

Val Val Ser Glu Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro 

65 70 . 75 

Ser Cys Val Ser Leu Leu Arg Cys Thr Gly Cya Cys Gly Asp Glu 

80 85 90 

Asn Leu Hia Cys Val Pro Val Glu Thr' Ala Asn Val Thr Met Gin 

95 100 105. 

Leu Leu Lys lie" Arg Ser Gly Asp Arg Pro Ser Tyr Val Glu Leu 

110 115 120 

Thr Phe Ses Gin His Val Arg Cys Glu Cys Arg Pro Leu Arg Glu 

125 130 • 135 

Lys Met Lys Pro Glu Arg Arg Arg Pro Lys Gly Arg Gly Lys Arg 

140 145 150 

Arg Arg Glu Lys 



' Claims 

1. A purified and isolated DNA sequence encoding the C subunit of vascular endothelial cell growth factor. 

2. A purified and isolated vascular endothelial cell growth factor C subunit DNA sequence comprising: 

ATG CCG GTC ATG AGG CTG TTC CCT TGC TTC CTG GAG CTC CTG 
GCC GGG CTG GCG CTG CCT GCT GTG CCC CCC CAG CAG TGG C^ZC 
TTG TCT GCT GGG AAC GC<: TCG TCA GAG GTG GAA GTC GTA CCC 
TTC CAG.GAA GTC TGG GGC CGC AGC TAC TGC CGG GCG CTC GAG 
AGG CTG GTG GAC GIC GTC TCC GAG TAG CCC AGC GAG GTC GA.G 
CAC ATC^TTC AGC CCA TCC TCT GTC' TCC CTC CTC CGC TGC ACC 
GGC TGC TGC GGC GAT GAG AAT CTC CAC TGT GTC CCG GTC GAG 
ACG GGC AAT GTC ACC ATC CAG CTC CTA AAG ATC CGT TCT QGZ 
GSC CGG or TQZ TAC GTC GAG CTC ACG TTC TCT CAG CAC GTT 
CGC TGC GAA TGC' CGG CCT CTC CGG GAG AAG ATC AAG CCG GAA 
AGG AGG AGA CCC AAG GGC AGG GGG AAG AGG AGG AGA GAG AAG 
TAG, SEQ ID NO:40 

3. Vascular endothelial cell growth growth factor AC DNA comprising an A subunit DNA sequence and a C 
subunit DNA sequence. 

4. Vascular endothelial ceil growth growth factor BC DNA comprising a B subunit DNA sequence and a C 
subunit DNA sequence. 
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5. A purified and Isolated vascular endothelial cell growth factor C subunit DNA sequence comprising: 
ATG CCG GTC ATG AGG CTG TTC CCT TGC TTC CTG CAG CTC CTG 



5 






CTG GCG 




CLl 


GCT 


GTG 


CCC CCC CAG 


CAG 


TGG 


GCC 




111:7 


lv_l 


GCT 


GGG 


TV 7\ 

AAC 


GGC 


TCG 


TCA 


GAG GTG GAA 


GTG 


GTA 


CCC 




llv- 




GAA GIG 


rrv"''/"' 

TGG 


GGC 


OGC 


AOC 


TAC TGC CGG 


QCG 


CTG. 


GAG 


10 




L,lvj 


GTG 


GAC 


GTC 


GTG 


TCC 




TAG. CCC AGC 


GAG 


GTG 


GAG 








TTC 


AGC 


CCA 


TGC 


TGT 


GTC 


TCC CTG CTG 


OGC 


TGC 


ACG 




GGC 


TGC 


TGC 


GGC 


GAT 


GAG 


AAT 


CTG 


CAC-TGT GTG 


GOG 


GTG 


GAG 




ACG 


GCC 


AAT 


GTC 


AOC 


ATG 


CAG 


CTC 


CTA AAG ATC 


OCT 


TCT 


GGG 


15 


GAC 


CGG 


ccc 


"TOC 


TAG 


GIG 


GAG 


CTG 


ACG TTC TCT 


CAG 


CAC 


GTT 




CGC 


TGC 


gaa" 


TGC 


CGG 


CCT 


CTG 


CGG 


GAG AAiG AJG 


AAG 


COG 


QAA 




AGG 


AGG 


AGA 


CCC 


AAG 


GGC 


AGG 


GGG 


AAG AGG AGG 


AGA 


GAG 


AAG 


20 


GAG 


AGA 


ccc 


ACA 


GAC 


TGC 


CAC 


CTG 


TGC GGC GAT 


GCT 


GTT 


CCG 



CGG AGG TAA. SEQ ID NOS:29 & 40 

6. Vascular endothelial cell growth factor AC DNA comprising an A subunit DNA sequence selected fonm 
25 the group consisting of: a DNA sequence encoding an 189 amino acid fonn, a DNA sequence encoding 

an 165 amino acid form and a DNA sequence encoding a 121 amino acid form, with said A subunit DNA 
operably attached to a C subunit DNA sequence. 

. 7. Vascular endothelial cell growth factor BC DNA comprising a B subunit DNA sequence selected form the 
3Q group consisting of a DNA sequence encoding, a 135 amino acid form; and a DNA sequence encoding a 

115 amino acid form, with said B subunit DNA sequence operably attached to a C subunit DNA sequence. 

8. Homodimeric vascular endothelial growth factor DNA comprising C subunit DNA sequences, 

9. A vector containing the DNA sequence of any one of claims 3 to 8. 

10. A host cell transformed by the vector of claim 9 containing the DNA sequence encoding vascular endothe- 
lial cell growth factor. 

11. A process for the preparation of vascular endothelial ceil growth factor comprising cuituring the transfor- 
40 med host cell of claim 10 under conditions suitable for the expression of vascular endothelial cell growth 

factor and recovering vascular endothelial cell growth factor. 

12. Vascular endothelial growth factor made by the process of claim 1 i. 

45 13. Vascular endothelial cell growth factor AC comprising an A subunit amino acid sequence and a C subunit 
amino acid sequence. 

14. Vascular endothelial cell growth factor BC comprising a.B subunit amino acid sequence and a C subunit 
amino acid sequence. 

15. Vascular endothelial cell growth factor CC comprising a C subunit amino acid sequence and a C subunit 
amino acid sequence. 

1 6. A purified and isolated vascular endothelial cell growth factor C subunit amino acid sequence comprising: 
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Pro 


Val 


^fet Arg 


Leu 


Phe 


Pro 


Cys Phe 


Leu 


Gin 


Leu 


Leu 


Ala 


Gly 


Leu 


Ala Leu 


Pro 


Ala 


Val 


Pro Pro 


Glh 


Gin 


Trp 


Ala 


Leu 


Ser 


Ala 


Gly Asn 


Gly 


Ser 


Ser 


Glu Val 


Glu 


Val 


Val 


Pro 


Phe 


Gin 


Glu 


Vai; Trp 


Gly 


Arg 


Ser 


Tyr cys 


Arg 


Ala 


Leu 


Glu 


Arg 


Leu 


Val 


Asp Val 


Val 


Ser 


Glu 


Tyr Pro 


Ser 


Glu 


Val 


Glu 


His 




Phe 


Ser Pro 


Ser 


Cys 


Val 


Ser Leu 


Leu 


Ara 


Cys 


Thr 


Gly 


Cys 


Cys 


Gly Asp 


Glu 


Asn 


Leu 


His Cys 


Val 


Pro 


Val 


Glu 


Thr 


Ala 


Asn 


Val Thr 




Gin 


Leu 


Leu Lys 


He 


Arg 


Ser 


Gly 


Asp 


Arg 


Pro 


Ser Tyr 


Val 


Glu 


Leu 


Thr Phe 


Ser 


Gin 


His 


Val 


Arg' 


cys 


Glu 


Cys- Arg 


Pro 


Leu 


Arg 


Glu Lys 


t^t 


Lys 


Pro 


Glu 


Arg 


Arg 


Arg 


Pro Lys 


Gly 


Arg 


Gly 


Lys Arg 


Arg 


Arg 


Glu 


Lys . 



SBQ ID ND:41 

17. A purified and isolated vascular endothelial cell growth factor C subunit.amino acid sequence comprising: 



^fet 


Pro Val 




Arg 


Leu 


Phe 


Pro 


Cys 


Phe 


Leu Gin 


Leu 


Leu 


Ala 


Gly Leu 


Ala 


Leu 


Pro 


Ala 


Val 


Pro 


Pro 


Gin Gin 


Trp 


Ala 


Leu 


Ser Ala 


Gly 


Asn 


Gly 


Ser 


Ser 


Glu 


Val 


Glu Val 


Val 


Pro 


Phe 


Gin Glu 


Val 


Trp 


Gly 


Arg 


Ser 


Tyr 


Cys 


Arg Ala 


Leu 


Glu 


Arg 


Leu Val 


Asp 


Val 


Val 


Ser 


Glu 


Tyr 


Pro 


Ser ^Glu 


Val 


Glu 


His 


IXfet Phe 


Ser 


Pro 


Ser 


Cys 


Val 


Ser 


Leu 


Leu Ajng 


Cys 


Thr 


Gly 


Cys Cys 


Gly 


Asp 


Glu 


Asn 


Leu 


His 


Cys 


Val Pro 


Val 


Glu 


Thr 


Ala Asn 


Val 


Thr 




Gin 


Leu 


Leu 


Lys 


He Arg 


Ser 


Gly 


Asp 


Arg Pro 


Ser 


Tyr 


Val 


Glu 


Leu 


Thr 


Phe 


Ser Gin 


His 


Val 


Arg 


Cys Glu 


Cys 


Arg 


Pro 


Leu 


Arg 


Glu 


Lys 


f^t Lys 


Pro 


Glu 


Arg 


Arg Arg 


Pro 


Lys 


Gly 


Arg 


Gly 


Lys 


Arg 


Arg Arg 


Glu 


Lys 


Gin 


Arg Pro 


Thr 


Asp 


Cys 


His 


Leu 


Cys 


Gly 


Asp Ala 


Val 


Pro 



Arg Arg. SEQ ID NOS: 29 & 40 

18. A tissue repairing pharmaceutical composition comprising a pharmaceutical carrier and an effective tissue 
repairing amount of the purified vascular endothelial growth factor of any one of claims 13 to 15, 

19. The use of the vascular endothelial cell growth factor of any one of claims 13 to 15 for the manufacture 
of a medicament for promoting tissue repair, 

20. T^he use of the vascular endothelial cell growth factor of any one of claims 13 to 15 for the manufacture 
of a medicament for stimulating vascular endothelial cell growth. 
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CO 

OJ 



1 — 
<i: 




CO 

<c 
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<r 
<c 
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1 
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-en 
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1 — 
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CO 
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ACCA ATGAACTTTCTGCICICTTGGGTGCACTGGACCCTCGCTTI^ 49 
Wet Asn Phe Leu l&u Ser Txp Val His Trp Thr Leu Ma Leu Leu 

5 10 15 

CTG TAC CIX: CAC CAT GCC AAG TGG TCC CAG GCT GCA CXr ACG 94 
Leu Tyz Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 

20 25 - 30 

GAA GGG GAG GAG AAA GCC CAT GAA GTG GTG AAG TIC ATG GAG GIC 139 
Glu Gly Glu .Gln Lys Ala His Glu Val Val Lys Phe l^t Asp Val " 

35 40 45 

TAG CAG CGC -AGC TAT TGC CGT CCG ATT GAG ACC CTG GTC GAG AIG 184 
Tyr Gin Arg Ser lyr Cys Arg Pro He Glu Thr Leu Val Asp He 
'50 55 . ffl 

TTC GAG GAG TAG CCC GAT GAG ATA GAG TAT ATC TTC AAG CCG TCC 229 
Phe Gin Glu Tyv Pro Asp Glu He Glu lyr He Phe Lys Pro Ser 

65 70 75 

TGT GTG CCC CTA ATG CGG TGT GCG GGC TGC TGC AAT GAT GAA GCC 274 
qys Val Pro Leu Ntet Arg Cys Ala Gly Cys Cys Asn Asp Glu Ala 

80 85 90 

GTG GAG TGC GTG CCC AOG TOG GAG AGC AAC GTC ACT ATC CAG ATC 319 
Leu Glu Cys Val Pro Thr Ser Glu Ser Asn Val Thr Nfet Gin He 

95 100 105 

ATG CGG ATC AAA CCr CAC CAA AGC CAG CAC ATA GGA GAG ATC AGC 364 
Met Arg He Lys Pro His Gin Ser Gin His He Gly Glu Mat Ser 
110 ~' 115 120 

TTC CTG CAG CAT AGC AGA TCT GAA TGC AGA OCA AAG AAA GAT AGA 409 
Phe l£u Gin His Ser Arg cys Glu Cys Arg Pro Lys Lys Asp Arg 
.125 130 135 

- ACA AAG OCA GAAAAATGTGACAAGCCAAGGCGGTCA 445 
Thr Lys Pro Glu Lys Cys Asp Lys Pro Arg Arg 
140 145 



FIG. 4 
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AACC ATG AAr TIT Crc CTC TCT TGG GTG CAC TGG iiJX CTC GCT m CT^ 49 
I*tet Asn Phe Leu Leu Ser Trp Val His Trp Thr Leu Ala Leu Leu 

5 • 10 15 

'CTG TAC CTC CAC CAT GCC ASG TGG TCC CAG GCT GCA OCC AOG ACA 94 
Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 
20 25 30 

GAA GGG GAG CAG AAA GX CAT GAA GTG GTG AAG TIC ATG GAC GTC 139 
Glu Gly Glu Gin Lys Ala His Glu Val Val Lys Phe htet Asp Val 
35 40 .45 

TAC CAG OGC AGC TAT T3C CGT CCG ATT GAG AOC CTG GTG GAC ATC 184 
Tyr Gin Arg Ser Tyr Cys Arg Pro He Glu Thr Leu Val Asp He • 
SO 55 60 

TTC CAJ3 GAG TAC CCC GAT GAG AlA GAG TAT ATC TTC AAG OCG TOC 229 
Phe Gin Glu Tyr Pro Asp Glu He Glu Tyr He Phe Lys Pro Ser 
65 70 75 

TGT GTG CCC CTA ATG CGG TGT GCG GGC TOC TGC AAT GAT GAA GCC 274 
Cys Val Pro Leu ^3et Arg Cys Ala Gly Cys Cys Asn Asp Glu Ala 
80 85 90 



CTG GAG TGC GTG CCC ACG TCG GAG AGC AAC GTC ACT ATG CAG ATC 319 
Lfiu Glu Cys Val Pro Thr Ser Glu Ser Asn Val Thr b^t Gin He 
95 100 105 

ATG CGG ATC AAA CCT CAC CAA AjGC CAG CAC ATA GGA GAG ATG AjGC 364 
Met Arg He Lys Pro His Gin Ser Gin His He Gly Glu Met Ser 
110 115 120 

TTC CTG CAG CAT AGC AGA TGI GAA TGC AGA OCA AAG AAA GAT AGA 409 
Phe Lfiu Gin His Ser Arg Cys Glu Cys Arg Pro Lys Lys Asp Arg 
125 130 , 135 

ACA AAG CCA GAA AAT CAC TCT GAG OCT TGT.TCA GAG CGG AGA AAG 454 
Thr Lys Pro Glu Asn His Cys Glu Pro Cys Ser Glu Arg Arg Lys 
140 145 150 

CAT TTG TTT GTC CAA GAT OCG CAG ACG TGT AAA ICT to: IGC AAA 499 
His Leu Phe Val Gin Asp Pro Gin Thr Cys Lys Cys Ser Cys Lys 
155 160 165 

AAC ACA GAC TOG CGT TGC AAG GCG AGG CAG CIT GAG TTA AAC GAA 544 
Asn Thr Asp Ser Arg Cys Lys Ala Arg Gin Leu Glu Leu Asn Glu 
170 175 180 



CDGTACTTQCAGATGTGACAAiSCCAAGGCGGTGA 
Arg Thr Cys Arg Cys Asp Lys Pro Arg Arg 
. 185 190 



577 



FIG. 5 
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AACC ATG J^C TIT CTG CTC TCT TGG GTG CS^C TOG AOC Crc GCT 49 
Met Asn Phe Leu Leu Ser Trp Val His Trp Thr Leu Ala Leu Leu 

5 -10 15 

CTG TAG CTC CAC CAT GOC. AAG TGG TCC GCT GCA 94 
I^u lyr Ifiu His His Ala Lys Trp Ser Gin Ala Ala Pro Thr Thr 

20 25 30 

GAA GGG GAG CAG AAA GOC CAT GAA GIG GTG AAG TTC ATG GAG GTC 139 
Glu Gly Glu Gin Lys Ala His Glu Val Val Lys Phe hJet Asp Val 

35 .40 45 

TAG CAG' CGC AjGC TAT TGC OGT CCG ATT GAG AOC CTG GIG GAG ATC 184 
Tyr Gin Arg Ser Tyr Cys Arg Pro lie Glu Thr Leu Val Asp He 

50 55 63 

TTC CAG GAG TAC OOC GAT GAG ATA GAG TAT ATC TTC AAG CCG ICC 229 
Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr He Phe Lys Pro Ser 

65 70 75 

TGT GTG CCC CTA ATG OGG TCT GOG GGC TGC TGC AAT GAT GAA GOC 274 
Cys Val Pro Leu Met Arg Cys Ala Gly Cys Cys Asn Asp Glu Ala 

80 85 90 

CTG GAG TGC GTG CCC ACG TOG GAG AGC AAC GTC ACT ATG CAG ATC 319 
Leu Glu Cys Val Pro Thr Ser Glu Ser A^n Val Thr Met Gin He 

95 . 100 . . 105 

ATG CGG ATC AAA CCT CAC CAA AGC CAG CAC ATA GGA GAG ATG AI3C 364 
Met Arg He Lys Pro His Gin Ser Gin His He Gly Glu Nfet' Ser 
110 115 120 

TTC CTG CAG CAT AGC AGA TGT GAA TGC AGA OCA AAG AAA GAT AGA 409 
Phe Leu Gin His Ser Arg Cys Glu Cys Arg Pro Lys Lys Asp Arg 
125 IX 135 

ACA AAJG CCA GAA AAA AAA TCA GTT CGA GGA AAG GGA AAG GGT CAA- 454 
Thr Lys Pro Glu Lys Lys Ser Val Arg Gly Lys Gly Lys Gly Gin 
140 145 150 

AAA CGA AAG CGC AAG AAA TOC CGG TPT AAA TCC TGG AGC GTT CAC 499 
Lys Arg Lys Arg Lys Lys Ser Arg. Phe Lys Ser Trp Ser Val His 
155 160 165 

FIG.. 6 A 
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TGT GAG CCr TGT TCA GAG CGG AGA AAG CAT TTG TIT GTC CAA GAT 544 
Cys Glu Pro Cys Ser Glu Arg Arg Lys His Leu Phe Val Gin Asp 

170 175 180 ' 

CCG GAG ACG TGT AAA TGT TOC TGC AAA AAC ACA GAG TCG CGT TGC 589 
Pro Gin Thr Cys Lys Cys Ser Cys Lys Asn Thr Asp Ser Arg Cys 
185 190 195 

AAG GCG AGG CAG CTT GAG TTA AAC GAA OCT ACT TGC AGA TGT GAC 634 
Lys Ala Arg Gin Leu Glu Leu Asn Glu Arg Thr Cys Arg Cys Asp 



200 



205 



210 



AAG CCA AGG 
Lys Pro Arg 



CGG TGA 
Arg 



649 
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ATG CTG GCC ATG MG CTC TTC ACT TQC TTC TTG CAG GIC CTA GCr 
Met Leu Ala Met Lys Leu Phe Thr Cys Phe Leu Gin Val Leu Ala 

5 10 15 

GGGTTGGCTGTGCACTOCCAGGGGGOCCIGTCrGCTGGGAACAAC 
•Gly Leu Ala Val His Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 

20 -25 30 

TCA ACA GAA ATG GAA CTG GTG CCT TTC AAT GAA GTG TGG GGC CGC 
Ser Thr Glu Met Glu Val Val Pro Phe Asn Glu Val Trp Gly Arg 

35 40 45 

AGC TAG TGC CGG CCA ATG GAG AA3 CTG GTG TAG ATT GCA GAT GAA 
Ser Tyr Cys Arg Pro ^fet Glu Lys Leu Val Tyr lie Ala Asp Glu 

50 • - 55 63 

CAC CCT AAT GAA GTG TCT CAT ATA TIC ACT OCG ICA ICT GTC CTT 
His Pro Asn Glu Val Ser His He Phe Ser Pro Ser Cys Val Leu 

65 . 70 75 

CTGACTCGCTCTACTGGCTGCTCTGCTGACGAGGCTCIGCACTCT 
I^u Ser Arg Cys Ser Gly Cys Cys Gly Asp Glu Gly Leu His Cys 

80 85 93 

GTG GCG CTA AAG ACA GCC AAC ATC ACT ATG CAG AIC TTA AAG ATT 
Val Ala Leu Lys Thr Ala Asn He Thr Met Gin He Leu Lys He 

95 100 - 105 

CCC COC AAT COG GAT CCA CAT TCC TAC GTG GAG ATG ACA TIC TCT 
Pro Pro Asn Arg Asp Pro His Ser lyr Val Glu ^tet Thr Phe Ser 
110 - 115 120 

CAGGATCTACTCTGCGAATGCAGGOCTArrCTGGAGACGACAAAG 
Gin Asp Val Leu Cys Glu Cys Arg Pro He Leu Glu Thr Thr Lvs 
125 130 135 

GCA GAA' AOS TAA 
Ala Glu Arg 



45 



90 



.135 



180 



225 



270 



315 



360 



405 



417 



FIG. 7 
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ATG CTG GCC ATG AAG CTG TTC ACT TGC TIC TTG CAG GTC CTA GCT 45 
Met Leu Ala l^t Lys Leu Phe Thr Cys Phe Leu- Gin Val Leu Ala 

5 10 15 

GGGTIGGCTGIGCACTCCCAGGGGGCCCIGTCTGCTGGG 90 
Gly Leu Ala Val His Ser Gin Gly Ala Leu Ser Ala Gly Asn Asn 

20 25 . 30 

TCAACAGAAATGGAAGTGGTGCCTTTCAATGAAGTGTCGGGCCGC 135 
Ser Thr Glu I^t Glu Val Val Pro Phe Asn Glu Val Trp Gly Arg 

•35 40 . 45 . 

AGC TAG TGC CGG CCA ATG GAG AAG CTG GTG TAC ATT GCA GAT GAA ' 180 
Ser Tyr Cys Arg Pro Met Glu Lys Leu Val Tyr lie Ala Asp Glu 

50 55 . SD . 

CAC CCT AAT GAA GTG TCT CAT ATA TTC ACT CCG TCA TCT GTC CTT 225 
His Pro Asn Glu Val Ser His He Phe Ser Pro Ser Cys Val Leu 
. 65 70 -75 

CTG ACT CGC TGT ACT GGC TGC TCT GGT GAC GAG GCT CTG CAC TGT 270 
Leu Ser Arg Cys Ser Gly. Cys Cys Gly Asp Glu Gly Leu His Cys 

80 .85 ^90 

GTG GOG CTA AAG ACA GCC AAC ATC ACT ATG CAG ATC TTA AAG ATT 315 
Val Ala Leu Lys Thr Ala Asn He Thr Ktet Gin He Leu Lys He 

95 100 105 

COC CCC AAT CGG GAT CCA CAT TGC TAC GTG GAG ATG ACA TTC TCT 360 
Pro Pro Asn Arg Asp Pro His Ser Tyr Val Glu Kat Thr Phe Ser 
110 115 JL20 

CAG GAT GTA ore TGC GAA TGC AJ3G CCT ATT CTG GAG ACG ACA AAG 405 
Gin Asp Val I^u cys Glu Cys Arg Pro He Leu Glu Thr Thr Lys 
125 130 135 

GCA GAA AGG AGG AAA Arc AAG GGG AAG AGS AAG CAA AGC AAA ACC 450 
Ala Glu Arg Arg Lys Thr Lys Gly Lys Arg Lys Gin Ser Lys Thr 

140 145 . 150 



CCACAGACTGAGGAACCCCACCTGIGA 
Pro Gin Thr Glu Glu Pro His Leu 
155 



477 



FIG. 8 
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ATG COG GTC ATG AGG CTG TTC CCT TGC ITC CTG O^G CTC CTC GCC 45 
Met Pro Val ^iet Arg Leu Phe Pro Cys Phe Leu Gin Leu Leu Ala 

5 10 15 

GGG CTG GCG CTG CCT GCT GTG GCC OCC CAG CAG TGG GCC TTG TCT 90 
Gly Ifiu Ala Leu Pro Ala Val Pro Pro Gin Gin Trp Ala Leu Ser 

20 25 30 

GCT GGG AAC GX TCG TCA GAG CTG GAA GTG GTA COC TTC CAG GAA 135 
Ala Gly Asn Gly Ser Ser Glu Val Glu Val Val Pro Phe Gin Glu 

35 40 45 

GTG TGG GGC CGC AGC TAG TGC OGG GCG CTG GAG AGG CTG GTG GAC 180- 
Val Trp Gly Arg Ser Ty^ Cys Arg Ala Leu Glu Arg Leu Val Asp 

50 55 60 

GTC GTG TCC GAG TAC CCC AGC GAG GIG GAG CAC ATC TTC AGC CCA 225 
Val Val Ser Glu Tyr Pro Ser Glu Val Glu His Met Phe Ser Pro 

65 70 75 

TCC TCT CTC TCC CTG CTG CGC TGC ACC GGC TGC TGC GGC . GAT GAG 270 
Ser Cys Val Ser Leu Leu Arg Cys Thr Gly Cys Cys Gly Asp Glu 

80 85 • 90 , 

AAT CTG CAC TCT GTG COG GTG GAG AOG GCC AAT GTC ACC ATG CAG 315 
Asn ieu His Cys Val Pro- Val Glu Thr Ala Asn Val Thr >fet Gin 

95 100 105 

CTC CTA AAG ATCCCTTCTGGGGACCGGCCCTOCTACGTG GAG CTG 360 
Leu leu Lys He Arg Ser Gly Asp Arg Pro Ser Tyr Val Glu Leu 
110 115 120 

ACGTrCICrCAGCACGTrCGCTGCGAATGCCGGCCTCTCOGGGAG 405 
Thr Phe Ser Gin His Val Arg Cys Glu Cys Arg Pro Leu Arg Glu 
125 . . 130 135 

AAG' ATG AAG COG GAA AGG AGG AGA CCC AAG GGC AGG GGG AAG AjGG 450 
Lys Met Lys Pro Glu Arg Arg Arg Pro Lys Gly Arg Gly Lys Arg 

140 145 150 ■ 

AGG'AGA gag AAG TAG 455 
Arg Arg Glu Lys 



FIG. 9 
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